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Abstract of JP2004214607 

PROBLEM TO BE SOLVED: To 
enhance the current driving capability of 
field-effect transistors. 
SOLUTION: A method of manufacturing 
a semiconductor device having a field- 
effect transistor contains a step of ion- 
implanting a group IV element from the 
main surface of a silicon layer, which is a 
semiconductor substrate, into its inside 
to a depth shallower than the ion- 
implanted depth of an impurity in a 
subsequent step of forming 
semiconductor regions, wherein the 
subsequent step of ion-implanting the 
impurity from the main surface of the 
silicon layer into its inside is utilized to 
form the semiconductor regions so as to 
be aligned with a gate electrode. 
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[ ft I* If * <o S5 IS ] 

mu¥'&frmwi.(D£.mfrb"z<Dfomzm 1 <o^ai) £• ^- > a a u m le y - h m ^ 
lie, Buiey — hm^o^j&isromtc, til ie ^ ^ # s « o ± s a> ^ ^ w 1*1 sue ivi£ 

[ if 2 ] 

mmum Tim*-* tyfiAtsiiii, mm * m & m m <o ± & b <d m z & m m% 1 ^ 

[If #Jg 3 ] 

If iS 1 lcfB«W*^#:iSgWjKifi*-j*{-4B^T, 

[ mxm 4 ] 

mi IS IV& 7t m fi , G e 4 £>5 ^ t ?r#mi:-r5¥^friget0Kit*fe 0 

[if 5 ] 

sic, sfiE^ i m m ? - h mm v> m & iz j h- <> * - * ^ - 

& A 8? £ i 9 hm< ft o z t ^^tit5*i*gt<oS!it*fe 5 

[ ai*« 6 ] 

iifj IE SS 2 ro^#^^igc^^x@^ic, *20»)ai«:ff ilSi, 

[ it 7 ] 

St, BUfE^2W^ig^ffiyc^^XS^{-^--y-*-T^-^^tf9Xa^^L, 

« # g§ g m 3g ^ . 

[If 8 ] 

[ If *JJ 9 ] 

If # Jg 5 ciEiSrofift^lwSilJftCisv^T, 

Hul2m2coif#«:®^±{cii5it*^JSflI?rJgfifeL, <£> & . Hul5^2ro^^frfS^co-> 
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[ litJfciJ 1 0 ] 

hujc. fid iB ^ m- & <o ± m t>* h * <d i*j u \z & 2 <o i\m yt a? * ^ a a -r 5 x s t &m 

1 1 ] 

iiaiE*2«?ffi«s:asii«jK^'^^ l « ts -e , fiuism 1 (oman^'m 1 o^^^sr-r^-v 
ttAit, mr fa » 1 n?— v w.mizm& Ltzm 1 ©*i»i)s^i«t5iii v 

fit! IE SB 1 i> VtzViMX' , fiulSB 2 lc 2 <DTm®&-f 

SALT, fiu IE SK 2 » y - hSSlcS^tfcf 2©¥*ft®«Sr«^t5lSi > 

*&IE^20®*gc?ril^«){C-v^^Ufc^«ST'. fifiK^lCD^^tC^Sro^FM^^-r^-^ 20 

salt, fifiia^io^#ft:««cti^-^ms-efco-c, wie^ i o^- Miwiuro 

fi&EMSl Ki^** LfcDclf, tft M 2 0 & m \z\ M 4 0) * n to & 4 * > 

SEA LT, fiulEf§2 0¥-S#:®*£i:l^ — ^«§it > fcoT, 2 to ? — V M.® to Mm. to 

Mlw, ffim%ilRTf J %2to? — Ml©f C fiu1E^lS.O : ^2cD|l^^lv 

1£ tc * £ , fill IE |g 1 .& SB 2 <D4 fe *fc««<&»J«IgK::fert5**<E>^tt4fo<D&AiaS£ <fc 

[ 1 2 ] 

^jgfr£lg<0£[g?>fiSl ©««l:»)*^*lfcnf t^^^lSl^^I h 7 > V X 9 t 30 

, Buiei l ro««tS'i5i2©l«i:f^jJitpf t^/^iitlfaf V ? ^ i? * 

fiufEU i coffiigcjbfcy- ^ii^^iELtii cd<^- h«®, &tf\zffim% 2 tomm 

iEI 2 ro^^5r^ l o^x?T-iltRiftlc|fo;fc:t£ffi-C*, fit le l a> K: JS l ©^$6 
l&Sr-f^vQEAL-C, tu IE SB 1 to?— hfcffifciflE-frUfcfS 1 ©*l#f^?:»^t5Ii 

fifjism i (Dm^.^'m 2 <r> -7 * ? t?iRKtgofc^i-e, utes 2 ©s«i:i 2 

i^'ftyaALT, m%tW, 2 to ? — HgCt^Lfcf 2©¥*«:f 8S:«^t5Ii 

t > 40 

N 

fifj|E^20^^$:jl^Kllc-x'X^ Lfc^ffiT*. fiu IE SS 1 05 ® *£ f:: Ml 3 W^M^Sr-f^-^ 

salt, mizm i to ^mttmw t m-mmmx- $> x . mum, i o ? - h mm to mm to 

-9-4 K * * — x -< — iz m & V fz m 3 ro^^frfgJgcSr^sSc-r^XSi: . 

mum 1 nmm&miRtoic-* * ? vtzikmx, mum 2 tom^izm a to^m® % ^ * >> 
salt, mmm 2 to t m-mnrnxh o x , fi&fe»2«>y — hftffiwfliissro 

mjiE^iro^^fiifei^r^^-^aA-r-Sfiufc. mum 2 to<mm* mum \ to * ? x- 
iS fft ic S o fc ?g T' , mJlEfll<£>ffi«fciv®=7E3ff£, fitJfE^liO^JiE^jcDaA^^J;?) 50 
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*G IE #S 2 <T> ?P Jffi m & 4 * > & A "T 5 mf (c % lifj IE M 1 W H £ ifi IE If? 2 * T- il iR ift 

K^ofc^fiT*. finism 2 (O^^ICIVSItE^^^ iul5l2©^|iEtl©ftA^$J;!)t)a< 

[i»#iS 1 3 ] 

m # * h 7 > * * t *m-rz>¥m#%im<o$i'&jf&iX~h^x, 

M IE If! 1 <z> SI _h lc ff2 /& £ *t fc Iff 1 O^- h « S x M UMc iiu IE fg 2 «>0«c±Jcjgj«$jx 
r>^- — ywx-; — -th s ffj IE Iff 2 go y — h®*l«o{H!lffilc:^2(E>iJ-^ Y^oc— /^^^ — ^-km-tiL 

?e a? 2 (oih-r K^^-^^^-twgfatt^iifiatsigt Srtts r i: & m m t -r -5 ^ 
^ # g « » §a it m o 

I 1 4 ] 

HufE^^BiWi#oj^:^){i§|o«f9J^^-r'fe "9 s Su IE IVM 7c Sit £ 1* tyaAt5Iill: 1 
HufE^lo-^-r K ? * — * ^ — l^©Wi-S5lo3R»jfi;*©^:ftSH:fl(rESB2©-^W K ^ 

[ n i 5 ] 

BuiE^»BIW^o^^ttlESlJ^^)T-fe'5, ml IEIVKtESI * W * > & At 5 Ig| C> M 
IE^lo-9-^r K ^ ^ — /i< 7. •< — -^co^"-t"2>EEil^^30^c# £ li bu IE ^ 2 <D 4 Y V * — /\> 

o 

16] 

ff*JSl 3fc:fB*<&i£3*fc§S«0>«iifi;frjfcfc::i3V*-C, 

flft IS £ 1 RXim 2 CO W K** — A'*'<-1f-<Z>Jgj«IS<B«fc, itfF IE Iff 1 © SI t£ 3: * 
^T-IofcftlT\ ffiSElS2©««K:*tt*l«T'ftf-l''ffiAL-C. flu IE 2 CD -tf- K £ * — 

in*^ i 7 ] 

tu IE ivSe tE^co-c tyttAitii, BuIE^F^^co-f ^->-jiAXScomilctf 5 r £ ?r4#®: 

1 8 ] 

« # 3b * h 7 > V s ^ * 5r^--T5^^#:S«coaS3g*-feT-fooT, 
HtifE^^ft:Klc, eStffiSr{S®-r5^*e#»Sr^ tyiiAtSIti » 

MIC, itu IE ¥ ffc JKlc , rcD#^^Mi:|5]®5W7£^5r-r^->aA-rsXSSr^r-r?)ri: 
[ft *Jg 1 9 1 
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imm^mfrm t mmcDTtm* ■< ty^At sign, mm^^^^mmm^x^xmrn 
i it * m 2 o ] 

W^JSl 8(c|Eifeco¥*#il£«»SSi£:*f*£K*i^T, 

itfj IE ¥ * # BH <!: IrI 81 O 5c * S: -Y tyaAt5Igli, M IE * *fi £ W t>SAt5Ig 

[»*3S 2 1 ] 

£ S <o M it 3tr fe o 

111*52 2 ] 

Atsiii, 

m IE y - h S ^ lc g L/cffi^ic?F*fi#3^^ tyftAtSIli . 

[ m * 3i 2 3 ] 

MtC, BtFlE^^^S^rosEfficOmrlS^ - h « m K L tz. m %L „ SfrlBTcJfSr^^^tt 
AtSISt, 

HulB^^fr^K^^V&A^S^coSulETciSico K — X fi « x stllEy — b m g -g- L fc 
[ ft 2 4 ] 

¥3fftS4Scoife®co|i? l roffiJSlc^^^nfcnf + ^;i-«SSf f Sb* h 7 £ 

* t *r -r 5 ¥ & # m m <d m m t> m x &> o x s 

* y - ni^fMtsigt, 



BU IE 




o T iS 14 ft 






ii 


t 










IE ^ «&Bt * 
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CO ^ 


x h 


o 


T . H"J IE fcft $9 


& m & m j: o 






co hu v iu IE 


^ m # et c 




r CO 


















CO 


is it 


2>m 


o 









[St 2 5 J 

^^^S^co^ffiJifcy- FillJiHiLTy- MISr»J*t5Iit. 

bU IE - h^SrofstlSroftC, ffiffi¥*#:a£«0>±ffia»e>-ta>rt8Btcfl&IEi£i»«:S 
^irP^coTc^^, bu IS l ro#8*fr««0>Jgj*lglc:|3tt3^tt*a>&ASi$ i 9 fc « 
<^^->SEAt5 IS t , 



I 



1 
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[ flt #JS 2 6 ] 

i* st t -r * m # si « © 5S * ft . 

[ ft 2 7 ] 

(a) ***lfiCSISrf (StSIS, 

(b) mJia^rtSrffifeSi^tC. JHrfE¥*flES«±fc»*Bt«r*iSI , f3xe» 

(c) tfns^rtic^»M?r«-r<t5ic > Suie^^frss^^sfb-rsxs. 

(d) Hfj IS (c) iSSnc, BulS^^#:S^*®S-ife^-t--5XS, 

(f) Buisy-h^^)^xic^-hm«i^^j«-r?)xs. 

(h) mm^mfcmfoiz^ifsiiyo & a a -r 5 is, 

(i) Aft IE (g) fcit; (h) IISC, ttil5*##:S««®Srgfe^-t-5Xffi, 

hu IS (i) xacDSfc*§Mi s huIE (d) igroiSE^j; 9 7 7©Hi:»^ft#iS 
■C ft o r. t5r#f it5*^frittrogg*S 0 

2 8 ] 

Bufs (i) xg sk^jptk. *k7 vmRTfM&m7i<i& m\<^fzmftm-?ft o z t 

l ft * JS 2 9 J 

HI * « 2 7{ClB«©^3|#:^«(D®[ig^ifejc:43V>T, 

Iffl IB IV£ ^ * l± y A- -^ = A *> 9 , ffllE^ttftttaKnl', 2 7 y ft* n > i fclitlt^ 
-e *> S w t £ 4# © <!: Lfc*!*f|s|HI©«ar:£ifc. 
[ft #Jg 3 0 ] 

X' fc o t > 

3 1 ] 

[ it * JS 3 2 ] 

iwriBy-h««aEffi*»f>si$36ri^©Gero**:»«tr— ^tt«tt, m re y - * • 

k ZW®. it5***gt. 
[ 31 S3 <£> ft *ffl ft R m ] 
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[ 0 0 0 1 ] 
[Hf t&f ] 

[ 0 0 0 2 ] 

^^^ISStC^gS^Jxam^^^h^V^^^irL-C, «X.lfMI SFET (Metal 
Insulator Semiconductor Field Effect Transistor) £l E J'ffc£;h<<5$*!Sii'7 s — Ml 

R$)%:h ; 7^i?**&$ab}xX\,^& 0 dtf>Ml SFETfi, ii5ftfl9flsL^V*i:V*54#®:£: 
ftotv^ri:^^, *aiU^Sr*^-t-'5 h^^-^^^i^t Lt£<ffli^ti-CV^ t 
[ 0 0 0 3 ] 10 
MI SFETtt, n f- * * yl'IISStF p f- -r * ^ MM Z t> -f , — f$ (C , ^ -r ^ 
/i' fifc ffl « » hit g> y- FSH, y-^S«St?h^'f ^f«^S:tt5iritlc 

ft o -cv 5. v—h&mmtt, ¥m#&&<o±& (st^^^B, @ss^j&®) tf>sif^-?£E5c 
£.m<om*T&i8.m%L-tizv- hmmm&fr&^x&v btt. m *. wr jg & « & i&m-r s ^m. 
*trni-t-5^*#:S45roffi^ - v mm&T (vmrn) una** $>*bTv*«. y-*mm&v 

[ 0 0 0 4 ] 20 

ft *5 , M I S F ETlCfc'V^T, — h & ®i & 8t it is V > t£ b ft Z> t> <D IZ * ii ^ , 
MOSFET (Metal Oxide Semiconductor Field Effect Transistor) i: fi£ tl, 

TV* 5. ^-T--*/H£fifcliB«i:tt» y-*««i: Y i"f > m & k & & #1&mmi6 (^ 

•v^/w) as^j&^ttSSl^^w?,, * «^^s*^ffS«roJ¥$^-[^ ( « S Si ) {egg 
*l 3 t> © «: « SU liliJ^IWroTi*^ ( * ffi # fa ) »-»5c;ix5'btf>£4§tMi:P*A/T* 
v* 5 „ S , y — ^ffl^i: Ku-T>ffi^i:«0P B 1<7>^^^/w^^;ffl^(^a:^(7)^^^wu ( a| 
WiiSg) tf* j£ £ tt 5 t <7) £ n 3- * /ui&m.m (Xli*tnS) , iE^rof t^/HJf ^ 
S*i5t©Sr pf + *^*tS (X(4*tc P M) i: Pf A, T V* 5 „ £ fc, ¥ — h « 11 t£ 18 fit 
*/£W±wtt/££;{jn;t5ril;:J;oT£!ftT Kv--i'>l!)lii ! Iti5t>«5ri>^y^y h 
M (XliEl, xii/-^!J*7S) i tr , y — h n.mizn.£&1isa z-te < X h F u J > 30 

IS^IftSttO^r^T'l'y i/3 >I (XttDl, X (2 / — V 7f >%H) t Of- A/ T V* 5 

o 

[ 0 0 0 5 ] 

i:5T\ MI SFET(±, je*«ft^#*te<tteT*oT**Mfc0>-ifc«:il!loT^.5. 
MI S FETfflgtiftlCflV^If t^/>a*^*7 hmu-^ havO|g^$rPi]$iJ-r^fc46 
, y — h ft 1 [Mm] tlTco-^y=:^n^-tB:ft(7?MI S F ETCfcV^ttt, KW-^ >t 
*©f-t^/H*ffl«fflro^«feSriS;i8HbLfcLDDSilii5SUti,TV^o L D D tg 

£ 3 ft , Ift^/i-aS:»3S4*«iHt5^c^t#5. * , Ku-rvffi^ir^-t^ 
[ 0 0 0 6 ] 

L D DfS©M I S F E T 11 , #3*#fi;KcD±ffi_kK:<7* — HSI^^ftLty 

- h « « sr » j« l . * w & , **#ifio±it^«ftt'f tva^Lty- 
-g-Lfc^^i*:®^ (^x^^^a^'gi^) & m & b , # - v mm <d mm iz 1r 4 

Y <? * - >\s ^ - ir »d S L fc ¥ m # ffi ( = > ^ ^ h «l« ) ilfilt 5 : t I: i o T# 
^ it 6 „ 
[ 0 0 0 7 ] 

- * , mi sFET«»»ft:i4, y-rfi^&ro^/hiM^y-hSinwitAD^ y — 50 
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^«S«S(FKu^f>i«^S8^fl: ( > o - it ) cfpjy-^Stt, Ku>fyfiit, & 

t/^^^^h^fitOtgjD^ffl^s IC (Integrated Circuit) , d y ^ I C , 

[0 0 0 8 ] 

iil Jtlt^So -^yi^-r K (Salicide: S elf - A ligned Silicide<7>tB§) & flS 

[ 0 0 0 9 ] 

ft *5 % #3§I^KBI*^5^&:Jtfifci:LTtt, TfSC04#rF5C^l (#M2000-826 
7 JiSfcSo wOWffJtittlfCtt. y/W-^^r^A (Ge) ^^tyttAlt, S 10 

$ tit V N 5 o 

[ fF # itt 1 ] #1 2 0 0 0 - 8 2 6 7 8 §&« 
[ 51 93 <Z) n * 1 

I « m & m * l i 5 1 1- 5 r « ] 

[0010] 

ifi^, * J J L ««<fc/hffi6*ffcrt*ifS*. MI S F ETIuj3^tfcI*5ftaft*S*$ft 
IB*) <D U 'J? X- 3b Z> 0 Ki/>f >f « I dsOJ|llOSrH5fc»Kf4, x^^ry^a 

[001 1 ] 

l a> l ft # fe . ffi * to a « -c « > « fit «: t tf 5 & . at m < a s ) . « ( p ) % # o > 
(b) . z7yik#D> ( b f 2 ) *©^«»s:*tiu*^aAi/j:5 Htt, > y 

> ffi * ffi: *g fit -T 5 fc * tf> 3fc # ^ '> ft o fc, 0 
[0012] 

^fc. s i is B B 0 ti^ai^^ t>iiALt*«*ffl«^ff^b, ^ ^ & . *m&mm 

T-^gtt<7>^fce^ (S i tlS^ ttv^4v^*KJ^;(0^«ft) y * -< K {fc S: *& if 5 t 

[0013] 

— * . MI S F ETCfe^TIi, f t ^^ffMS^CK JS^I^fS] t I: J: o t K l^^ > 
mm (Ids) ASf {tt51t^febtttv>5 0 ft frlft , K l"{ ^m.ffifcffithZ'Xfo ( 

(1) nlMI SFET©KU>f y«tt, JE S§ * T* '> L , 51 o §S 19 * "T? *# JD i~ 

(2) p^MI SFETOKl/^yfSlt JEfigJ^*T-iSJPL, 3\ o & V Jj X '> ir Z> 40 
:h 365 *p e> T 5 0 

[0014] 

M I SF ETOf t*^**««fc«*S:4Mt5*fet Lttt, 0»X-tf¥»frS«JLlC 
«^*tb5«failft»«OIBI*£;*«r*Jffl-r5*fe* s &5o Ui»Lfttfb, - fft ft C M I S 

( C omplementary MI S :ftliMI S) ^ n ir ^ TMi , #$^S£lC§f B 1iilJ: 
J&J&lr Z>m& . nSM I SFET&tfpSMI S F E T±f l^-#3|SfS:ffl^T t tigft, 
ra-f y^rtUfc^TM I S F E T 05 ^ * )V M J$L H 4£ 1- ft < Jfc * f2 f£ Wi £ T* fc o fc 0 
IP * M * n M M I SFETO Kl^>f VijttiJIlDLJ: 5 it5i plMI SFET 
O Ku-f yiat^^'>L, llCpSMI S F ET(0 Kl/^ySiSrliJDLJ; 5 tt5i n 
1MI SFETW Kl/^ySI^S^LtLJp. 50 
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[0015] 
[0016] 

#$893«C>ftb,£>@#m. n M fl; # $J * h7>'v > ^^S.U ? pMffl;^^* h 7 X i' ^ ^ o K u 
[0017] 

TBe>!lM:45-e*>2.5. 10 

[0018] 
[0019] 

(1) ; m#Sb* h7Vv?^^?rWt5¥I^Sf ©Si^St&oT, 

fc¥^frf «S:«^t5ISi: Irf 20 

3C *c , StEy - Hi©»«l8©*t?i!)cT, «HE^3|[«t««©»riEXS©iWnc, Aft 
fS^ya^ero^Bd^Pj-tOrtSP^lvSeTciH (MiliGe) £• , fftl5¥ag#£I*£cD^/5JcX 

[ 0 0 2 0 ] 

( 2 ) ; MfS^S ( 1 ) Cisv^t, 

fc?«ft?rij!ili:±oTgttft^5Ig?:Ii;|t5. 
[ 0 0 2 1 ] 

(3) m # $j * h^^^^^**-t-s**flss«©«it*-«fe-e*>o-c» 

( a ) IS t % 

fftffi (a) IgroS^ fftlS^jgfrK&coX® izumytm (#Jx.tfGe) £ ^ >- & A 
5 ( b ) t , 

lift IE (b) X ft CD |& , iuEv-y 3yl(0±It^M*?r^tyaALtitlEy- Ftffi 
fcSE-frLfc3Sl0>¥i*fl:««e«:Jlgja-*--5 (c) lit, 

lift IE (c) xmw^, lift IE y — h*«0««jc-^^K^* — /w^-< — t*i^t5 (d 
) Ig , 

lift IE (d) X § (£> & , BuIBv-y 3yi©±l|;^ift^^tVitALtiEt^ K ? * 

HUE IVSItc SH CD t^iAli, fill IE (c) XS»C:fctt5^M^CD&AaS£J:'9<bSI<ff 40 
[ 0 0 2 2 ] 

( 4 ) ; huIE#^ ( 3 ) [C&Vn-C, 
ffl IE (c) XSCO^IC, buIB (c) XStcfc^T^^^aA^tufc^M^^fffi&JllcJ: 

oTettte3*5IS«r35l-:fr-*-5o 
[ 0 0 2 3 ] 

«*3b*h9>i?^^t, S& IE v- y 3Vio±E©»i«>a*i:Rft5*2 0««t»i« 

50 
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K 7 ^ v? * 9 t , iulE¥3l#S«<Z>XffiWie 1 (Dfe® t mt£ Z> $5 2 <D m & \Z ffi. J& 

z ih ft p ^ -t * a> m m s a i?- %i * s 7 >- ^ * * ir^^-r^^^^^a^iait^feT-foo-r 
w ie y a >m<D±m<D$& 1 ©«*B±K:j£j*£*tfc3R 1 <£> y - hi, tifcwe-/' y 

JS^lSr^olfe^:)^ ( 0<J ;t g ft y =« v it ) ^»fSt5ISt, 

— yu^-< — tfjfa^2oy — h*;is©«SK:!B20>-0->f k ■? * — ^ x — if & # 
jtuiEv'y =i > m <o±m <o$s i <Dm*&& * 9 i^tz^mx- , tu ie 3? 2 » ij- ^ k 7 * — 10 

^-tCIViSi (0tjx.|^Ge) 5r^ftyaALt, mUWi 2 <D ■>< Y V * — * -< — 
[ 0 0 2 8 ] 

(1 0) ; ^«^s«T-fcs->y = >m <D^m<om 1 roflmacfcjgjfcsttfcn^-*-*^** 

S ® # * h 7 ^ v? ^ * £ , MIE^^#:S«W±ffiW^ 1 OS«fcI45f2 © US # K » 

Huis->y ^yfwiac^i og«li;liJtifcH©y - FSi, tMc atr is y 
nyfroiirof 2oii±icf ^^iifcf 2 ©y - HI5ri? J; 5 tlx, ffi £s 7J 

? * — jv 7.^. — * m'fi.w, 2. <o ? — v n. l m<n\m&\zm 2 <d 4 v v * — * — 

— if |c I\M 7c $ («sjx.tfG e ) Sr^tySAlt, iiti IE H l If K * — — 

[ 0 0 2 9 ] 

( 1 1 ) ; ^^^S^T'fc5->y =» >" S ± ® <7) H 1 <D ^ ® ff£ £ fc n 7^ ^ aft « 
M W # * h 7 ^ 7> * £: . WIE¥^#:S«W±ffiO^ 1 ©««ta*5»2©««Jc?g 

str IE s/ y = ^ m <r> ^.m <d w, i © « « ± y - h^^n^^iSELr^ i «d y — h * « , m 
lilts ii t . 

HUlE->y 3^SW^®cDm2(^®^5rjl^^)(vl^7.^ L fc tfe Ifi T? , ffi IE y =» >- Jf CD =E 

swm i © « # m i <D^mm*-< ^vialt, suiem i «o y- h*flncs-s-ufcjs i 
sfjiEv-y =i > m com i co^^^igtRi^ki-^T.;? l # «g -e . tu ie ~> y ^ >- ® to ^ 

I«JS2 0li«K*2©^tl!«iS:'f BulEm2coy - HStI^Lfci2 

<d ¥m#-%n&&B fc-r s is t » 40 

^ ft: y => > flU ) £ J£ L . tf> gt . ffirieffcfcfflnca^teJis'^v^SrlfeLT, M IS Jg 1 

ccy — hW^oiBiSf-^ico-y-^ k p * — /u^^i — u- % Rrjmm^ 2 <d y — \*nu<DWM 

MiE->y ^^eoaEso^wfg^sraiRftK-^;*^ l # «8 -c- , mr ie -> y = y@©i 
m<om i © « « ic * 3 (D^m®)* ^ tvaA it, su ie sg i t m—mmmx 

t . 

BUlE->y ^ S CD ± S CD f£ 1 CDSU^iMiRlftlC-^.X^ Lfcttit, HUfE->y ^ >• JI CD ± 

m<D& 2 <Dmi&\zm 4 (n^t&vo & 4 * > ^ x . fmtz'm2<D¥^wf$i$.km — # m m r- so 
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ifooT, ffi IE fl 2 CO -9- 4 K!)t-/^^-ti:I^Lfcf 4©f|#I«iJ:»)St5Ig 
t & ^ L » 

sic BtiiE^is.T>*^2<oy — ni©f^is©tt*feo'r 1 ftfiiE|gi,&i>*ig2co¥ 

iftf «©»j«Ig©ii:> lulE-> y ^ >- g co X ffi co l R(J!f 2 co ffi tc fg 1 ©iviTt 

St ( #1 x. g e ) £ . wieSSi&t/lBao^^frfliJitojg^xgtctetts^^ro^ttttro 

fflfB^y^^SCD^Sro^lW^ytSr-^^^Lfc^^T?. aft IB 2 CO 1J- -< Y V * — 7* 

^. — ^-\c^2(oivm7tm («itfGe) ^-r^-vaAb-c, tn ie m 2 co -y- -r K^t-^^ 

[ 0 0 3 0 ] 

(1 2) ; ^^IffcS&T-ifcSv'y => yf©±ffi©M 1 ro^^{C^^$tLfcn^--t^/U^« 

^v-^x^ , BulE^3l&K;&<ox®coSg 1 »«i*45|2W|Si;« 

HfilEv-y = v * co X S <o fj? 1 coffi^-hfcy — Lt^ 1 co y — Fil, 3£ 

K ml IE y 3yiroilwl2©S*i±i:y- hif&l#:B£ ; £tf-3EL"r|g2coy — h MM* 

mtii-r sum t . 

ifi! IE V y a^goXffiof^toffiigJSriliRittlc:-^*;?' L # ti& T* % Aft IE ~> y = > € <o ± 

m<vm i © « as i (D^mm^^^^mAi^x, su ie si 1 co y - htscs^Lti 1 

ffi (D ^ 2 <D mi&lZ. Wi 2 CD ^mVo & * >■ 1, X , wi IE 31 2 (75 — f-fi;^t;ig-a-L/cf?2 

ffj|ESRl.&U ! S?2Coy-h«@£S5.£?{CL-C. JSEfcSlS^Sr^ojj&ifiiliit ( #J ;t li S Yfc 
y n v it ) £ J« L , ^ (O |£ . iflfE^»^»c^^rttj:-y^>^$-JSLT. tulEfglW^ 
— h«@C0ffi!lS(C^l<7)f-^ K^-zl'^^-t, &T>*iitj|ESg2coy — f>«H<0<H!lM(£iS 

mJlEv^y 3^gco£®<oS?2<£>3Stg£jliR#jt;i-^*^ L fc :fc*c T* , mJlEv-y =■ vfoi 
loll co ffi tc 3 co^mm^-f tySAU . BfilE^ico^^ffffi^tl^-^*ST- 
feoT, IE ^ 1 co U- -Y K^t-zW^^-tCi^Lfclsro^f ftfltlrf ^f5Ig 

mrlEv-y = >-Sco±®co^l co^Sg^iliRiftlc-^;*.^ L fg T- , iff IE -> y =i>-Jico± 
B co Jg 2 (O 1g fg 4 co^mtoZ-J t^SALt, itfj IE Sg 2 (O ¥ 91 & ffi i: ^-llSf 
$> o T . BiJlE^2co-y--r K**-/i'*^-lMc*^Lfc«4<0¥*fctR*&JI£j$-*-5Xfi 

K K , fl&E*l&tfj|52(By — h*«<ojgj£xa0>fc-C*>o-t\ i!SHSO!i20^ 
ifri^wf^igwifiic, M IE y ^^«cox®co^iSt>'^2co^^ir^icoiv^^ 

* ( #J x. f£ G e ) £ , HufE^lS.U 5 ^2co^^r^ffl^co^^XSti3tt5*^co^FM^ico 
& A Si £ J: t> tS<YtyaAt5II!: 1 

HtIfEv'y='>ScoXBco^2co|i®^-7^^b/c^li-C', iiUIEmi C0-U--T K?*-A'^ 
^ — 1M£ 8S 2 fl> I VR tg * ( x. fi G e ) ^^tyftALt, itfJ IE gl 1 (O -y- -f K l> * — ^ 
^ — 1*-0>*g6tt*:iR*-*-5Xei: & W 5 „ 
[ 0 0 3 1 ) 

( i 3) ; *#^)^: h7^^***W-r5¥*ff8«©«3a:£ifcTifeo-c, 

aa is * * » w.mm%i&m-t z^mvo* 4 tyttAtsitt , 

H tc , ml IE ¥ >g # J9t fc . r(O¥^#§ltng;S£c07t*£^;^>i£At-SXS£;fr-r5 o 
[ 0 0 3 2 ] 

(14) ; Bu IE (13) {CioV^T. 



(13) 



JP 2004-214607 A 2004.7.29 





> 


ai> &fh "tL* 

H'J 5C y T h >ptt W 








■ Vf- 1 

Oil ZSr-i 

HU pC 




/*r Eg > [Hi tfe 
=^ VP tt^ <— l p J ZZ^ 


1b c ^ 




T /T") ofr t'" 
_L 13£ v>> RfJ Irw i^z 


f r\ r\ 
L U U 


O 




( 1 ^ 
\ I o 


/ 


♦ mt ^ r 

, B'J pC V 






nfr "=f3 >rr &rfi /fcfn A. 










MA 


^ /4r ffSf > 1=1 tfc 

^ 14^ <- PJ Zi£ 


H'J 








o 
O 


4 J 


( 1 6 


\ 


. afr =3 ^1 PTL / 

; HU nC 7 & V 


BU IS 




# & f± -> y 


[ 0 0 


3 


5 ] 


( 1 7 


) 




i? * ? 


£ 


, itfF IE ^ 1 co 


=7 is is 




$ t * m+ s 



2 ©i«t»fig§tifcpf t^^^tlt#a* h 





CO 


Sit 






V 






Sr 4 Hr 


is 


a A 


L T 


36 $5 


co 


±S 








*3 ft 




fit) IS ^ 


m 
















fiti 


12 ¥ 





10 



mm¥-m-te&fcco^.mco j m 1 2 ©®«±t*#*i^i^t5ist , 

fJE^WfrBtS:^^ — ^ = ^^LT, fitI15*^frS«<7?±ffi<7?mi5:V^2(Offl^fc^ 20 

* ? - HiSrf ^t5Iti:> 

fitJfE*6#J^^toS{cJ:o-CS't±^k:^-&5XSi:4-*L, 

Mid, 8SE¥iftISrf ^t5lS©iT?fcoT> fiufE^^6#)^flftiQ ! SlcJ;oT?S't4{t; 
*-fr5Xaofiu»c, fiu!E¥##8gl-, rro^iftlt 1^*©%*^^ tyttAtSIiS: 

[ 0 0 3 6 ] 

(18) ;«#^*h7Vv?^ 



30 



fit RSW^i?:, fiulE 
<^tyj£At5I§i« 



[ 0 0 3 7 ] 

(19) ;fiuf5^S (18) ^Cl^3^^-C, 
Mir, i!EIH©7c*^-l'*yiiAt5I? 

*-frSX^€r^L, 

fitjfSi5fc^x@ii, fiUfE^^E^^^^SlcioTfgtt^^-fr^xew^icllSfei-So 
[ IS W w * ] 

[ 0 0 3 8 ] 
[ 0 0 3 9 ] 

* » w J: ix «r . ttas h7>"^^^<o Ki/^r yf i i dsoitiii in ffi.mmm.fi co fa 

X) ^HI5ri:/55T-^S 0 
[0 0 4 0 ] 50 
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£ it , nf t^^itif #36* h^V^^^XVpf t^wUlSSfaf: h 7 ^ v? 
[ 0 0 4 1 ] 

* 1t , n f t^^itStfai h 7 ^v^^^St/p f + ^/V#«iS#SII H 7 ^ 
[ 0 0 4 2 ] 

[ 0 0 4 3 ] 

(£%7£flB l ) 

*nmmm 1 t? j* » *b fit m i s f e T«r*r-*-3ii*i*tti6iif::*36fj«:ajB bfc^tco 

[ 0 0 4 4 ] 

mitt, 1 1 ©^tfrgftf t^^fcfiffiSM I SFETC«ffiS?rSt 

^^W»®ElT*fe-5o I 1 ICteV^T, [nl^ottl^nSMI SFETT'fc"), :fr HI # p 
SMI SFETT'fc-5. 
[ 0 0 4 5 ] 

5 „ 

[ 0 0 4 6 ] 

KKifSixfc*^-ji?^fiH«i n a v i P & ^ l , m + mrfz^m i ntcfi, pa^x/u«« 

4 tF n M M I SFETiii^^tl, 3f ^ «c 1 p 14 , nS ('i^Si 3Jt;p S 
MI SFET#r^Jnt^5„ 5$f^-#Stffii£2fi, M Z. tiOkmT >( y V — is a is ( S G 

1 : Shallow Groove Isolation) ^^it*^jt$tlT^5„ 81 ft T V l" — is 3 Is ® ^ 
tt . ^ya^«Sl©±flpfc»»«:»ritU» * © « , ftiftOrtffifcf&ftBt ( « x. tf IMt 

I> = V Bt ) Srl^ftCaftiitfrtlCioT^^^^S, **»»IBOnSaVpf M I 

5 F E Tii, Ki/'f v * Stt as y =< ^mm l ro^ffi^fateSfctt-SfitliflliitefcoTv^-S. 

[ 0 0 4 7 ] 

n M £. U 5 p M M I S F E T li > ^-lr*yujgj«««, y - h ig: flg 5 , y - h « ^ 

s«i w±®ic^tt^>tv, y - Fii6 (*->y 3>-s« i ±k y - ymmm 5 

&.LT&ttbti. =?■ v * ;is M j&m 1* V — h Si 6 <D JET K *J ft 5 y = 1 © * g 

[ 0 0 4 8 ] 

n MM I SFETWy — * M^c, R Xf V \s 4 > M^c, t± . i^Ty-> 3 V«f}>5 - *t 

2 i4 y - h mm 6 w a \z wt n % ft it -y- -r kc*— A'^^t — u-i lcs^LT^asnT 

[ 0 0 4 9 ] 

p^MI SFETOy — Xg^St^Kl^f Vffi^ll^ ^^Xx>v- 3 >'gS^T-fc-5->tt 
ropIfiftffiiB^ SU 5 ^^ h^^T-fcS-tt^pM^iSffcSPIi&l 3 £ :fr 1" -5 Iff j£ 

3 i-xtf - h mm 6 (Diwmicwn % ntiD- 4 k ? * — a- ;* ^ — -y- i lKfi-s-L-c^j&^ftT 



* 
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[ 0 0 5 0 ] 

nSJiUtplMI SFETtiiV^T^ # — Y MM 6 » nM^jg#^*£l2. pf^ff 

e (i 5, i 6) as m ^ * t s o r^^cD^y-^^r k € 1 ssvi 6 ii, m v 

■9-4 K (Salicide: Self Aligned Silicide) & ft? Id 4 9 , f- -f K !7 * — ;V s< — 
1 1 Cl'&LTI^SnTV^, BP , *IS«iOnSRt>'plM I SFET(4-y-yf- 

[ 0 0 5 1 ] 

•>!) 3>IS 1 ©iBICH:, nfSl/pSMI S F E TS:Sn 9 I: Lt, #J ;t t4" K 

¥ * & ^ i 3±tdtt. ir^tii 7cD*®A^->y-^-Y Kii 5tcsj^t-^y-^ • 

Ki^^fyfay^ h 7L a* IS t> , r W y — * • KU-^vJB^v^^ h ?L CD ft anc 14 
tt 1± 7 ^ 1 9)«5IftiiitlTV^, nS-ftt/pS^^tt** (1 2, 1 3) fit, ->JJ-tf- 
-f K m 1 5 RtfmmVii? ? ? l 9 £ tf- £E L T , ll^^fll 7_h$:IESE-r*E*2 0 fc « 

[ 0 0 5 2 ] 

nSSVpSMI SFET«y-Hl6ll:ii, [H L T & 1^ , SFbT^^^I 7 
©SIA>?.->!)t-f Kf l eKSia-rsy — KE^f** h ?L # m h ft , Z.<r>? — h ffl 

ii 7 ±% miz-t zmm 2 0 t s^w^s^^^Tt^. 

[ 0 0 5 3 ] 

n M M I SFET©i^7fy->3yI« T* *> 5 n S#ift:ii 8 li, y =< >- S « 1 

<r>±Mi» h z <d ft ^ m. & t lt m (a s ) ^-ftvaAt^ittioti 

£ A (C 4 o T >g A £ ft fcIV&j tc Sf , #J ;i (4 y - ? A (Ge) i^StltV^. G e <£> 

» * # * © tr — * ft fit , ^yavsigirosii^isncas^-c. a s <o^^«)fii»*©f 

Cfc'ltSG e ©'f t>ftAH, KMI-Si*, US 6 OJgtfllOft t 

o T , n M M I S FET©x^^fyi'3 > ffi ^ T* 3 n 8 Wff^II©fu 30 

lw, nS*«fti«8 rof^IglcfcttS^Fift ( « *. tf A s ) 0>aA8i3.J:!>fc»<fr 

[ 0 0 5 4 ] 

pMmi SFETroi^^rv-yavl^t-feSpl^ifrif 9tt, v y a ^ s & 1 
iiaoTifSJtiti^. r(DpM*^^ffi^9{ci4, ->!)3Vlffiiro±li^-eo 

ft ft Id v ft A 4 o T m A S ft It I\m 7C * , M X. t£ ? /\» (Ge) *s ^ * *t T 

XSW^T'feoT, p MM I SFETOi^f y'>3>|«T'fc5pS*SI®|90 

»fi6lSoSKK:. pf ¥i*f«9©f ^IgCfcMtS^Mii ( #1 x. If B F 2 ) co & A 81 
$ 4 9 >b « < ftt>tii>„ 
[ 0 0 5 5 ] 

# H J£ fig 1 T* (4 , if f ^fi« lnSyip^fflGeW-rtyiiAli^ R — Ilt-ff 
;b ft 5 „ 
[ 0 0 5 6 ] 

HI 2 75 ^ m 1 4 14 , **{*:»««>»aixeSr*-*-fltS;ttBfffiH-e*)5. 
[ 0 0 5 7 ] 50 
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* -f . Jt 16 fit 1 0 [Qcrn] ^W-r5*^B B B>'U=>/5^^5->l}3^S«1^2p{iL 

*£ 4 , m + Mrfimm 1 P ICnICx/^«3^i^6!)lCf/St5. 
[ 0 0 5 8 ] 

U — v/ a (4 . aySfil ©iffiCS* («X.tf3 0 0 [nm] gg©^$(D^ 

) ?ri«L, * © & , = ro±a±t«itfKft->!i n yg^ P, 5 ffitl 

CVD (Chemical Vapor Deposition) j£ T* ff0 fig b , ^ © ^ , *fe & ^ * s & iH <D ft SB 1C S 

i 0 ICCMP (ftf Wttfi : C h emical Mechanical Polishing))*"? 10 

¥fift t 5 wti:J:oT»^S*i5. d © & , •>!) a^Sfi 1 ©tlSrjfe^L, 

[ 0 0 5 9 ] 

I $ 2 ~ 3 [nm] IS 9 a ^ K A» o 4 5 ^- h«il5 t«^L-« t <0 & , 

->y=i>-S«ito±s±co^®{c0ij^{fff$*si5o~2oo [nm] s^i; 

aylSrf fiicL, © , lift IE # & b% ~> y a^BtlC^^ — >' = >'^ r SrlfiUT. i 3 IC * t 
i 5 l-y- h^g6 &]#fiKt5„ # IB ft y =» v Bl 14 , jg^ftt^te^^S^ffc^j/is^© 
it»^X(i*ia^1w^A^n5„ 20 
[ 0 0 6 0 ] 

& , nSSt/pSM I S F ETOi^^f >->3 ^ttSrf *t5lS«It, 1214 
ic ^ 4, ? |c x ->y 3yl«i©ii^t,^oififKi«i n^yi P ©rtSEC s * # 

ft CU4 — h«@6 *S ?g fig £ tt T V V p!')x/l'i«4SO ! nI^i/l'Si 3 CD g|5 # iC 

, ivi£7cf!t b L-C#J;tf4*G e (y/u-v-^-^A) ^^^-yaAtS. :©Ge©^tyftA 
(; J; 0 . ^ya>£l£i©£B©5ft^ff2fiScffi*£in.K.tfipK:. y — MS 6 ti^- LT 

[ 0 0 6 1 ] 

G e tyftAtt, n ^ p M M I S F ETCD^^X^Wa ^ ® CO J£ fi£ X § iC 

feitS^JS*©^ tv^AISS J: 9 t>8<fif?. *HJfeJg^l-*5V^T, Geffi^tyftA 30 
14 , 0»J X 14\ Jolx*A'^-aS3 Ke V8«, K-X*jJ5 5X10 14 ~2X10 ,s [ 
atoms/cm 2 ] S * © %t # T* tf 5 . 
[ 0 0 6 2 ] 

#; ic , HI 5 »c t~ £ 5 (c , •>!) 3>igl©±B^I^I^S«l plr^^^Mlfl 
RWtBlofc«ffi-e» S/y=vSJEl<B±®a»&-t0>*- : F-J&J£«Jfcln©rt8Bfc:, ^ ft: ft 

{C f4 ^ — hliS6^^fi)c$tl,TV^«C^pM!>3i^^^4(75^^tC. JfmVok L T M X. tf A 

s ( fitt Hi ) Sr-i" ^>ftAt5„ rOAsO-ftvaAia^ ^y^^s^gio^so* 

fi^Sil nC, y- HSt:l^LT-*t©nI¥^«:f)S (^^X^Vv-gV-gg^ 
) 8 tf* J£ fig £ ix 5 „ *IJ(Sf IStfc^T, A s ©^t^itAli> #Jx.J£> 2W 5§ ^ * =*r — 
*5l~3KeVg^, K — X*^1X10 14 ~2X10 15 [atoms/ cm 2 ] U * <D -fe # 40 
T 5 . ^ © £ # , AsiO-ftyftAtfc'ltSftliii^^^ - 14 , G e £ H 35 , t> L < (4 

s5:GeJ:'9fcjlii^{i«{c^fi6;-rsfctoT-fo5„ -v^^Ml t L T 14 , #J ;i 14 y * h y V 
? 7 7 << &ffi\C £ XMtftZ tl Z> 7 * h U is 7. h-7^^5rftlt5„ 
[ 0 0 6 3 ] 

-^*;?Ml£-|&:£L/t|g, i 6 ± 5 IC, ■> !) □ yS^ l ©iffi©g^IfK 

mm 1 n^-7^^M2fI«6 < )l:Iof;tl'e, ~> V 3>S«1 k-tWig^-^fig 
fgigc 1 pCOfig&IC. ^ # ft K (4 ^ - h«i6*t»^SftTV^£V^nS^iA'fll«3©S» 

IC, ^i»t LTWtliB F 2 ( ~ 7 yKc *K n ^ ) ^'ftvaAtS. -©BF 2 ©^t 

y a a ic 4 9 . ^Myif Koi^isi^i P i;, MH6Cl^Lt-»© P 50 
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S^jgfrffi^t^^^-rVv-a^ffiJgc) 9 75 s JF^fi)c$tt?),*mS^ffi1-*iVNT, B F 2 CO 
4 * > ft A li . M 7L , jD|x^;u3f-i!i~3Ke VII, K - X * # 1 x l 0 1 4 ~ 
2 X 1 0 1 5 [atoms/ cm 2 ] g « CO & # T- =?T ? o CL £ T' % pS¥##:^i£9cOff2j&#JiS:£ 
L "C B F 2 3: ffl t" ^ 5 # , -ixttBJ:9fc#^*;&s*£<ffi««»iaM^£<fc5fc*-e 

*> , *iS©ff^lCi3V^tli, B J: U t>^^i©^J^^iffiijSrSfflt5-i:T?, H ?£ S 

*SH6 7* H/i?^ h'?^ ^*ttfflt5. 10 
[ 0 0 6 4 1 

& ic , 7x^M2«iLfci, 0 8 eft j: 5 ? — h mm 6 <Dmm\c ^ m*.tty 

- hft*l"l©lJf d5 5 0 - 7 0 [nm] S^Ot^ K'Jt-^^^-tl l?rfs!ct5„ 

t>f K^i- A- ^< — f l l ti« i 7 5 v-y^^S^iwjESio^ffifc^J 

«i ^ -fb f y 3vai/0^p>/£-5^»Ki o ic vDftt-ifiL, ^©i, mmm i o icr i 

E (Reactive Ion Etching) %F(DJg i Jjte.^>y'?->y%:1fe-i~Z. t C i o t ifiE § il 5 , 

-y- k * — /u^.^ — -y-i i , y-haffi6ts^Lr^^^n5„ 

[ 0 0 6 5 ] 

& (C , i 9 Cf t i 9 ->!J a ySlS 1 «±ffi©if i^Ii 1 p5:v^^M3t'I 

lc >5r — h m 1^ 6 ^ ^ ^ $ tt T /«c p M ■> ^ ^ ® « 4 w SC ^- , ^mVo t LT^JxfiA 

cr N -y- k^* — a-*-^ — -y-i i ict ■g-Lt-^oniififris ( =« > 9 9 v m ) 1 

2is»j***t5. \c is r . a s w^i-yftAli, W x. « > An ii ^ * * — & 

2 0~4 5KeVg^ N K-X|^2~4X 1 0 ' 5 [ atoms/' cm 2 ] g * CO ft t? 9 . 
-=r^.^M3 i: L T (4 . i i li 7 t h y y^77^gfl:J:otfi$tl57* h Uv?^. h 

[ 0 0 6 6 ] 

fell, -^^^M3^rl^*Ufc^, Ell 0 left J: ? l: ( •> y = ^Sffi 1 ©±fflro*^ ® 

j£ ^ *jc 1 n5:vX^M4 t!i?6<)i:gofctit*> "> y = (OXE/J^-^COiitT-^ 30 

#fc: : F*fi*9i:L-C0!|jitfBF 2 (Z7yft*Dy) t>iAt5. 1©BF 2 ©-ft 

>- £ A IC J; 9 , > V =i g j£ 1 <Dm*]&l&m®lZ , K7t-^^^-t 1 1 tl^L 

F 2 tvaAli> #J ;t ti ^ J»Ix^;^-i!20~50KeVgg, K — X * ftt 2 ~ 

4 X 1 0 1 5 [atoms/ cm 2 ] g g CO # T* fr 5 . •^X^M4^LT«. «)x.li7t M V 

[ 0 0 6 7 ] 

fifclS, nS^^^^^l 2CO^/&Ig, ttfCpS^ilf^l 3 CO^fi)cXg(C*5 V> T 40 

•r tyjiA^nfc^lfiti (As, b f 2 ) ZtoteMiz. £ ox IS z. !» 4a a Wt , # 

feUu— h i« * * Id * # a#^^'f^7' = — yw^SirP^wmsft^^T^ — ^ §S « Sr 
ffl r . o o o [ °C ] % Ad lift NP ffl i [ S> ] co & # T- 5 o 

[ 0 0 6 8 ] 

ecoiglcfci^T, GeW^t^&AtcioT^j&^ixfc-^y^^atS't 3 ( -> y =< V H 
<F ) © # S It » # UktkHm 7 ) li. 111 l ic f -f- J; p , 5E<Di*|gSfc:lII«-*-S. * fc 
„ fcfi #j (As, B F 2 ) tviiAiaotf sK$iifc->!) a vSSt ( -> y n >• ® 

<F ) cO^faKSP^ (^^f^^igjs, 9> i 2, 1 3) & 7C©]*iBAfc: !!!«-*-$ 

o 

[ 0 0 6 9 ] 50 
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, 12, i 3) of^iloii:, f i()->ii3y|Sio±lo|^fM«i nSffi 

p(C, ~>y=iV£« {*✓!» a Xl) £ PIS CO IV^tc^ T* fo G e ¥ 31 ffi *l£ (8, 9, 
12, 13) Of*IiC*5lt5^«* (As, B F 2 ) <V -4 * > &. A m £ £ V h & < ^ 
jJ-^&A&ft-CVSfc.JO, Si-Ge-X (X:As, BF 2 ) <T> & M t& & fh . Si 

-x*tM*co#-g- < fc?)t>, y = > s * f ( -> y = ^ Ji <f ) x* co ?f M 4to © jg ft ft # a ± l , 

i»*jc*4--*-55F«*(75*flri6SilS<*5 (S i 4: 8^ U 4 ^*fiSo^«fti«S'>4 < ft 
5) . CCO^Ss n S T>* p S M I SFET©i^^Ty->3yf)|t ( * 31 & ffi ^ 8 , 9 
) CO }£ St , # Kl ^ m I- is 5 ffi Si # T # 5 «> , nfSVplMI SFET»K1/^>1 
flft I d s <75 if *D (*«EKilllB*iO!«il±)Sria5rfc* s t?#S. 10 
[ 0 0 7 0 ] 

ft *5 , niatfplMI SFETOa^^^ hf« 1 2 , 13) |C *S V* T 

^ ( v- y =i V S if) ) T'CO^*fi!fe)(OStt^/5 s (^±L. #*K*#--t-3**fi«S>©*#;6SiB5<fc 
5 (S i £*§^L*V**Rj£©^«*b*#^fc<&3) fc«0, =l ^ $ ? h tc *i ft 5 fg 
St » # * ® (w *3 ft 5 « St # T # 5 . 
[ 0 0 7 1 ] 

I I t\ xnfy^aylS ( ¥ 3£ & ffiigc 8 , 9) ©J»JjgXS{C*S»t5Jp*fi«» (As 
, B F 2 ) iHGe^K^ftyilALfci^, Gero^^vaAlwiS^i^SSroig 

ft 5 fc iO , :r.^*x^v-3>-ffi*£ ( ^ 31 & 8 , 9) ©8&£-«S£ fi£ o 

a< G e HtvftAtSii J: t» . ^^^.^>-->3 >ffi^co^figxSlcioV>T-i'^->'a 

a u fc ?p co it & sr «i fiiy r- # a fc jo , ^^^^^su^ast©^**? 1 ^:^ >-mm% 

m & -r 5 r. <k as r* # „ 

[ 0 0 7 2 ] 

* 7t , x^^f y-> 3 ( ¥ 3* # « « 8 , 9) oj^j^xsjcjjrts^ttttrow^v 

SAi 9 *>SHdG e co-r^-^aASrtTofcJS^-, X T ^ is 3 ^ IS *g CO ^ fig X S ft 

5 ^ « (As, B F 2 ) tt * * ft «t> W * ^ a A $ ft 5 „ JDS Bfi W K % BU 14 *s fc 5 t£ & 

ft t* 14 „ w^iayij«>rai8fisriio-c^«*iSs*ai<aa , t-5^ + -* y > ? & # m ± l w> 30 

fc * , 3i**7 L vS'3V«igE©8&£-ai$;6S8i<fc5. — ^ , JSt ^- £ *J # * S Ifl © # ft « Jl 

^iictt'fcot, 3c^x^v> 3 ^ffi«ojg^xe©Wj:i, -> y = >-s« ( ^ y =» ^ 

®) co±®;0>b^coft^KGe£-t'xt-^ftA-r-5r£{;iJ;'3, a*?* ^{gSStco^ 

[ 0 0 7 3 ] 

& tc , smmitmrnzmti^x h-mme Rv^m&mw (12, 13) <o a? ® ^ @ 

tiSiltiS,!: LTWitf h (Co) II 4 ^xAy^ftff co ^ 

3f # ffi t£ (1 2, 1 3) ©V!) ny (S i) . tU^II^- M1I6 ©S i ia^^hlll 40 

4 CO C o t £ Sfl? $ * 5 l^&I Srte L T , 1 2, 1 3 ^ ® S V ~ V ft U 6 ± 

©s i isg^tsriia*), 0 1 3i:^tJ:5C« *m-Vfm%£ (12, 13) 

, muizy — h mm 6 <o m w ic <& m • ¥ m> & s: m x° &> z> ~> v -< v (cosi) ais 

L T ® ^ £ ft -5 „ 
[ 0 0 7 4 ] 

r. - r* , ^^fr^ts (i 2, i 3) xcov-y-y-^ h'H 5it, ^^t^ffi^ (i 2, 1 3 

) iifcits-yy ^ygfros i t^^/HU 4<©c o t r t x-«ric $n 

5 *s , ^#{$:|B^ (12, 13) ©*BJC*itt5^«4fe«)ettft3S*<Sv^i:, •> U = >li 
OS i i:g'g-Lt^4^*se© ; P*fife)l 5 #< ft5t*, r<0*S/^£O^FM^ltO^#(c<t 50 
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<9 , i/!) t>f KftiSfiS^ft, ^!It>f Kll 5i::oi/!)t^ Kl 1 5 J: 9 t Kfittt 

5 C o S i0K&AftSJg/ft£*lA<%S. is » -9-4 Kll 5ft, MI SFET^Sifk 

^iftia^itt'C o s i oei»i s ?gfi!cSii5 t , mi sFET^isaftcff 5 y- 

[ 0 0 7 5 ] 

r tt M L , *H16»«<0**ft:fi« (1 2, 1 3) <D * ffi 14 , Ge^^tyftAti 

5 S i - G e - X ( X : A s , B F 2 ) H ± o Tffittft J S i tg^l*^* 

SlS^^*E^*s^/«e< 4oti/^fc», V * >f KitRlSic^lt 5 C o S i ® ifl £ ftj 

[ 0 0 7 6 ] 

6 tc, il 4(^fj:9^ t>f Kl (15, 16) i6SJgj«Sjxfc«*£A^<Z>*S 
JS^n^yuMl 4Sr3BttWfcK**L. * <D « . 5/ y * -f Kg (1 5, l 6) &m&it £ 

* a *fc *& « * it 1- » 

[ 0 0 7 7 1 

2fc K , n S a p S M I S F ETi^^tfVy x* >- g « 1 <D £ ffi _h <£> ± ffi fc « X. fcf » ft 
[ 0 0 7 8 ] 

#: K . IPIfclll 7©*B^?>^yt^ Kil 5l:iit5y-^ • K u -f ^ ffl 3 > 
^ ^ h ?L , t^^iBiftSil 70^E^^e>i/y^^ KB 1 6 £J }g -T 5 y — hffi^^^ 
^ h TL £ T& j& L , -?rcom, y — * • Y \s >< is m = > 9 9 Y¥l<dPi&^ %LXf\z. ? — v m = > 

* * h?L^rt^(C^JS^O^m^^S^iA/uT*^«tt^^^l 9 £ fife L , * (O ^ , III 

7±|c|ai2 OSrB^tSl MciD, i 1 tStiiSt 
[ 0 0 7 9 ] 

HI 15 ft . G e ^»lul^aAbfc*^tG e ^♦iuilftAtfe^ofci^Ox^^ry 
v- a >- ® « fc: *5 ft 5 A s (O^F^^^^^n 7r^^S:*tit&9 , 

HI l 6 (4. G e left A t fc*^ i G e ^* UCil A l4^o fd^Ox ^ ^ r V 

[ 0 0 8 0 1 

HI 1 5 & tJ* HI 1 6 ^ jo V^T, G e $:*Sij{CftALfci^^^^ft2l«7 P P 7 7 ^ /Hi , 

* ^ Ife ^ tt 1 i: IH C 0k fl= "C G e o A > ttFlcx^fyv/a <o 1& fit JL U ic 

[ 0 0 8 1 ] 

tc , 1 0 1 8 [atoms/ cm 3 ] / P 7 7 ^ /I'S ^ 11, G e 5r|S5l^ t VftA Ifci^ 

<Djj& s G e SrfilU tyftAl^^ofci^J: "9 t»< 4ot^5 a 

[ 0 0 8 2 ] 

>aAlfci^^)J^\ G e ^ffule-Y tyjiAb^^ofcS^J: 9 ^ < 4ot^5, 

* fc > 1 0 1 8 [atoms/ cm 3 ] toyP77^f/^5lt G e Sr*» C ^ t ^ A L fcS 

<D 15 4$ , G e ^»ilU^>aAl4^ofcg^J;nS<ftoT^5 0 

[ 0 0 8 3 ] 

I W <t 5 4 ^ t ^ ^> , Mi60)f^Ig(Z)it'fcoT, nHfttfpSMISFE 

T^x^^ry^a ^ffi^ ( ±£ # ft: §t J$ 8 , 9) «Of figlgWHul^ 3ygfil^± 
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B<£>Sf^-ff£/&®i$ 1 n R 1 plC IVK TcltfcSG e nS&LFpSMISFETcDxc 

^^f>^3y|i«<7)®^lg^fcMt5^>«f^^j|ifite (As, B F 2 ) ^^Ai$ i ^ t 

5 I t 355 t*^ 5 s nSSt/pSMI S FEKDK^^ytSl dsOiiJD ( S »S K) #g 

*<OIr]±) 8rB5ItiSt?#5. * * Wt M M 1 K *5 ^ T fi , G e SrfiilM t yftA Li 
*>ofc»^£tt:ifcL-C, nS&tfp^MI S F E T O K 5 %ggi|iD t 

[ 0 0 8 4 ] 
[ 0 0 8 5 ] 

* . nlStfpSM I SFET<DMJ7<D^>?? h ( ^ 31 ffi i£ 1 2, 1 3) 

. GeO^yttACi^S i - Ge-X ( X : A s , BF 2 ) ©g^ i o Tffittft S 

*t . S i fcg^L4P*Srt;o3f:«*as/>4< 4otv^5t», > y * >f K ft: s jgs k: *s # 
s c o s i oil^jfliSJt^r^T^So 

[ 0 0 8 6 ] 

*5 * *»i»ll-eii, *B M M I S F E T^tf5*#fritC*^?^^lffi Lfc 
WICO^tRH Ufc4 s , # 3§ 93 ft . n S , pI^Hfilll^- I S F E T tt 5 

f^f^gtlUIfflt^^ t^t#5 0 20 
[ 0 0 8 7 ] 

[ 0 0 8 8 ] 

ifc, *^JI^1 1 n^&t/pSM I S F ET(DS*(7)^^^T>y 3 >£Iigc^ 

JF^lS[lfclt5^a#J^^t>ftA, 3fc V , MX <D =i > ? ? h <nj& &T_m{Z. & ft 

ry^3y«i«^)f^iittfeot, nSSir/pSMi sfetco^^^^ h « « <^ je? 

I^IgifCfT^, 35 K , nSS(/piM I SFET©=iy^ Mi^^^IggCff o 30 
[ 0 0 8 9 ] 

{i. L , ^ ? X ^ is is b > & & <D & & m & m < t£ Z tc *b , ^M^5rS'[4{k 

^5iMlli*it®l l 5 fc: — 0 f? 5 r. £ & 3 * L^ 0 

[ 0 0 9 0 ] 

^PKfti ltBF 2 J:fflt^:il:o^tISKLfc^, (B) ^-f^vaALTpS 

M I S F E T^)x^^ryy 3 >^%^^^^S^^^^V>TfelRl^^g!l*^#?>nSo 
[ 0 0 9 1 ] 

0 1 7tt. G e ^*IS{Ii$ALfcf G e ^fi^aAL^^o/cl^^x^^ry 40 

v- a Vffii^tC&JtSBcD^^^^^^n 77^f^S:*tBT-fc5o HI 1 7 Id * 1~ B (£> 
igg^D (Hi 8 C/TtB F 2 <O^M^^u^ T ^yU(7)^^i:|WlC^^T*^ 

^Lfcfy7 p ^S:gffl tt*»fc t OTfcSo i l 7 C/Tti 5 C> ^^^^vs/av^ 

Jgc<7>3c®<7)Bgffte, B F 2 (Om^tmCXo^. G e t ^ ttA LfcS^O* 

ri* , Ge«:»lui:>ft>aAL4^ofc»^i!) tiSS<ftotP5. * fc . 10 18 [at 

oms/cm 3 ] T^7 P o7 7>f (i, G e JlilU A IfcS^^*^, G e £ * 

SIIUtyiSALi^oti^J; 9 t>»< 4ot^5o t£ o T , #d >S:>f tyftALT 
P^M I S F ET(7)x^^T>y3 V««&Jg^t5»^l:*5^t fcl^ltoaiS^'flbti 

<5 o 

[ 0 0 9 2 ] 50 
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* tz » 1 T'f±, nSMI SFET©i^7ryv/3yi«!:ISt5fci()ro 

LtA s S:ffl^te!lCoV>tSilllLfc^ > R (P) Sr^^VftALTnMMI S 

[ 0 0 9 3 ] 

in i 8 nmm 2 1 « , mm mm 1 ©t ^^Tfcs^i^isoHiiiissr^tg^wir 

[ 0 0 9 4 ] 

ETcx^^Ty-> 3 >- m t& w& & t. m m \c , y =» ^ * « 1 ©tici^r^sii 

n £. 1 piCIV^7C^-C-fc5G e «r [b] — IS f ^ t V ft A t 5 W lc o ^ t Ift L fc i5 , % 10 
^ ff2 fifc SI J£ 1 n-siDGe^^yaAtl^Ititl p^<DGe-Y^->-ftA(aiglJ*{C:tTo 
Tt)l^, £AT\ G e -T ;T > ft A £r S'J * ft 9 #J <c o V> T , E]187I;MIIl2l£rffl^-Clft 

[ 0 0 9 5 ] 

fc *B , •>!) =ySffii©il^?)*©Sfi^«l«i n©^ajc, A ffc ft ic is y - h 

tfi 6 ifiSJgffc £ *LT V* V* p M <? ^-J^m® 4 fc. IV^tc^ t U T 0fl *. tf G e 

yftAt5. rOGeW-ftyftAIUO, •>!) 3^i«i©iB©^f nl: 

» y - MS6 ICS^Lt#f B SI 7 ^ff^JtlS. G e ©-f t VftAtt, r<7)^(DnS 20 

mi SFETwx?^ry->3yM(rol^il(cfcit5^*efei©YtyftAS$J:t)t ) 

& < ft b o 

[ 0 0 9 6 ] 

& {C , 11 9tfti5l'- StJlE-^^^Ml^ffifflL, is V => > S fa 1 <V <D m ^- fit 

fifc ^ Jgc 1 n <E> ft K , A # ft IC (i y — Hm^6;6S^/&$nT^ft^pM'>3Wl'£g*£4C7)gG 

# ^lEftHTMxtfAs ( Ut m ) ^^f*vaAt5. ^©A s ©^f tvftAC J: 5 

(x^T>">3yi*) 8 fig £ ;tx 5 . 
[ 0 0 9 7 ] 30 

fife 1 n ^VX^M2 fi«6<)lCg-3fctlT\ y = g *g 1 ©±ffi*»P>*ro*^-?K 

fig; m «c i pwrt^ic *^6tHw(iy-hm@6^^fig$nTv^«c^ns^^^ts^3wa5 

# {' , IVHjcitLt«itfGe5:'ftyaAt5. ^ © G e © ^ V ft A (C i ►) , v- y 

3 » GeCD-f^VftAfi, :©i©p|M I S F E T <D J- * v 1 ^ > a > mWL CD M fife I| 
fc*5(*53F*fi*a>Wtf-i'£Aa8$ <£ t) ta<fT5„ 
[ 0 0 9 8 ] 

& k. , i 2 i t*t<t 5 i-« mm-^^^M2^mmv. y = ^ift 1 ©is©^^^ 

figffii&i P <d ft sine . =r # ft tc ti y - htle^i^^nt^ik^nii'xyui^aws 

# . ^JIftiLtf«x.tfBF 2 (Z7 7ft**ny) Sr-f^i-'ftA-rS* :©B F 2 

> ft A lc J; 9 x ->y=>a«l<Z)*^Jgj*ffi«lpfc, — htt@6Klg-£-LT-*f<D 

P Si ^ # ft «i « { ^ 9 X T > *s a 1/ 9 ^ fife £ H 3 „ 

[ 0 0 9 9 ] 

r ©t, Sfil©iteiil t^«©lS^ffiLTnS&U!pSMI SFETSr«)Jt5 

o 

[0100] 

CL CD J: ? fd . n M M I S F ET(^i^ at^'>3 V|l«0)g^I|i:fclt5^S«|(0^ 

tyjiAii^Siji:, v- y ^ >- S « i <^±fl5^*^JK^S;fS*Ki p £ * ^ m i -eiStRtfjic 50 
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aAis^wi^ > y ^ s « i 1 n stv^^m 2 ti^wi-io 

ffi T* , 3yifil©iB^bt(0*flfilcS«l pOrtSKGei:, p^MIS 

A-r^-tt-iD, n §t M I S F ET^x^^r yv'a «(Di^Igl:fclt5^F^ll 

G e CD K-XiSt/i£Ai^^£tt 5fc*. GeO^^V&At-iS^^^^vi/H 10 
y««©fi8StftS:nS»VpS!M I S F E TT*^^ tli:t5 : i 5 D 
[0101] 

* , nSMI SFET^ff^Jtl6*T-f«l«l n^cOGe^^tySA (118 

# RS ) t , nlMI SFET^x^^fyv'a yf^^i^IgCfcltS^ffifeKO^ty 
ftA (II 9#1) £r — (O-r^^Ml S:ffit>Tff^\ pSMI SFET^i^^S 

y^>3 y®«O^^Igi:lbMt5^^fe^^ tVftA (i 2 1 #1) i 2: P=0 — O^^^M 

COG e ^^yiSAti^ff^ffltl p — CO G e-f^->aA5:S'J^(Ctf5 I t ^ T* # 5 fc «) 

Rft^niRtf pfMI SFETT'*^tlCt5:i^t^5o 
[0102] 

* ^1 fg t tz 5 t> h X fo 5 o 

[0103] 30 

^ J4 y ^ = ^ ^ AS ftfe 1 V2S 5c * ^> * -C , JS ^ * *s * # < , 3ySS4fcll#lB 
B ^>y ^yK^tt/UT^y^T^fct^tt^^tfe^o 0*1 *. Hf * p^MISFE 

S i - B - iv^tcSI 4: 5 ft -ft- i* fls *t ft v * o > y = >- (Si) co^^fi, = ^SfiS 

[0104] 

£ it % v^yp-v^^A (Ge) fc I ^ 5 ± ^ O > !l y b k LT, ^^VffiA^fr^lgU-^ 
^y-^i LTfflv^a: iisa*5 iv^5jSis*if 5>ii5. ft&<£> iv^tc^ ^ 5 *> T v ^ ^ 40 
>- (Sn) So<tt5«& (Pb) »4 % >f tyftA«fCB#«S:i^5r HflHt 

[0105] 

5r«i^:t^tatfc0, J: Off* LV^ISi: L t n A Srf v^T v^ 0 rnfc 

[0106] 

( % ffi «8 2 ) 

S i T* 2> o 50 
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[0107] 

*3fe*»HB2-eii, is V * >< K fls K *3 it 5 i§5 IK * & JR <£> ft 0> JJ& ffi iz o T K m 5 • 

[0108] 

StrSB^IIlfiJgllSltl^fll^o^o-fe^SrttfflL. 12 2i:*t±5l:, n S & P S M I 

SFET^^V^^b^^g ( ^ 31 ft: ffi Jgc 1 2 , 13) Stf^LfcfL El2 3{:i;^-rj;9 

^^h^^c ( 1 2 , 13) Id . IV^Tt:* t L X W X. IJ G e Sr-f t^ttAt^o 

tC-f^VftA^tLfcG e (CjDiTIiCG e 2* 31 A £ tb 3 - k \Z tj: Z> 0 
[0109] 10 

2k k: . x^fy^3>S« (^5g^^l^8, 9) co m A X g , SlU^^^MB^cd 

ISIS (¥^^ffi^l 2, 1 3) liiS^T'f^^&ASftfc^tt* (As, BF 2 ) *• 
[01 10] 

r <0 X S \Z *3 V> T % ^V^^hH^ 1 2 . 13) l£ «: , ^^^xVv'aV 

[0111] 

# *& l 2, l 3) 0)31®. 3fe Xf \z ^ - hSSe^SBi:^!! t^f Kil 5 RXf 1 6 
[01 12] 

r. <D <fc 9 \Z , ^>-^^hffi^ (12, 13) (7)f |J Ig^iT-fco X, n/<yuh81i4 

( !C St & JK K ) ©»«iSo«ic, i/y ^ylffii (OtB^^^lfff^a® l nS 

* * h m m <d m a c it 5 * s * ^ * « * & x c * 7 > 5 fc t^f Kftsiscfcit 

^>coSi(7>^* (ftift^&JK<z>ftft) *xc«jfHi-5::as-c#5o 

[0113] 

9 2 hg«^)^ricl8 (1 5 Jtfl 6 #1) OiXfoot, 2 0IOG e^tVftA (El 
2 3 # fig ) CO ttj (C fi 1 W 1^, 2[Ua(7)Ge^^-vaA^^X 5 fooT > a l 4 CO 

Ijjig (Hi 2#i) oitt^SLXtfiv^o fib, r o m & f± s x?7fyvay« 

[01 14] 

* fc. *^iS^^2"Cfi, n^S^pMMI SFETO^^^^ FS^^Jf^H ( H 

1 0#iR) <D&\Z^ 2\H\B(DGe4*>&A ( B 2 3 # HR ) S:ISlt^5^, 40 

2@|(OGe^tyaAa, f^f K!>t- ^< — i^l (I8#») <£> ^ X; 

[0115] 

* tz % *^s^i2Xfi, 2 lei ^ g e >r * > a a k i «9 , > y >r k it iz t$ n z> m m & 

&JS^>Sft : SrWS>JLTv>5*^ xMryv'a yg^^f^IgiOG e^f t^SA (El 
4 # fis ) ^ n jg ^ -f x 2HIIIiffofcGe>f tySAtfittt, ^ y * K it \z is it 5 K 

[0116] 

( Hlfe I flt 3 ) 

**i^lX(i, RJ — StRK, *BffiMMI S F ETX.tFDRAM (Dynamic Random 50 



* 

. . . (24) JP 2004-214607 A 2004.7.29 

Access Memory) m<Z>**V**&G+& ! £&ft%i&Vl*&m$:Mffll'1t&t\Zr>\ l ^XVi 
[0117] 

1 2 5 i j , ^mmmm 3 <d ¥m#mw.omv&mf&*: ^i-m ( (a) li^MiMi sfe 

T ^ 5£ tf) Wr E H , (b) y t/HKlM I SFETOlSWBrffii) T- h <9 . 

2 7li % *IIJ6Jg«3©^3K*:ilSBWjKiSXS«:*-f*S:W»rffiH'e*>5. 02 5 (a) 
(CjoV^T, iSl^oTtiCSl^f n^nlMI SFET, ^WO^^^^flUKl 

piSplMI S F E T "C fc 5 „ 

[0118] 10 

I 2 6 ± ? ^^-jJ-fe/UMcfi, !7-FlWLif-^l ( \f y Ml) D L i: 

E^cigt^jifc i oro^* y t/ua^iM i sfetqs tsr^-t-siitf&ic&o-r^s 

0 ^*!)i?/UStRfflMI S F ETQ s ?rl^f 5-*t®f 5 ^©liiltt^-^li 

[0119] 

^^ffiff^^StDnSSit^pSMISFETtt, HI 2 5 (a) C ^ 1" £ 9 , Sri 54 CD ^ J£ 
f 1 1 t ^«0iJ?!clu^oTV^ 0 ^!it;HftfflMI SFETQ sli, HI 2 5 (b) 

[0120] 

^DtMRfflMI SFETQsli, £ t£ , ^ ^ /U tf2 ffi . ^ — h 36 » IR 5 . ^ 
v- y ^ > S « 1 co^jgfcKttbtb, ? — h It ffi 6 I* iX y 1 <D±ffi_h{cy — h if£ It 

* A* ft ^ [p] *s it 5 n*o fill ^ ^ * St £ * tf i 5 J: b T IS *t X v> 5 0 

[0121] 30 

y«tl)5-»OiiS*|*ffi88 a, RXf =* > ? ? b fig J0c ~C fc 5 — *fC0nM^^*IS 
*fi 1 2 a Srlft5*^C4ot^5o n^^##:^B®8 a f4 ^ - H«6 Ki^Lt«« 

1 1 tt^LTJ?^StitV^5o 
[0122] 

niS(/pSMI SFETiCfc^TIt, 02 5 (a) tC * 1" £ ? \ZL , F1|6 ^(5 

^V^^hffl«(^^#:ffi«cl2, 1 3) OSIti/!) t>f Ki (1 5, 1 6 ) tfL £ 

tit V N 5 ^ s , ^ ^ !i t/l/I^fflM I S F ETQ s Cio^TIi, 112 5 (b) C*t<t 5 1: 
, ^ — hmffi6&t*=i>'** h fl « ( ¥ ffl « 1 2 a) (D & m K i/ V V 4 KlfiStf S 40 
tlt^^^o H* LT V* ft 1^*** nSS^piMI S F E TCJS^tli, ^ * * 7" 

J/^Hy«* 8 , 9) h«* (^##Si*£ 1 2 , 13) iv»g 

[0123] 

:^i94ii§^nIR(5plMI SFET, ^tf^^y-feA-iliR/BMI S F E T fi 
«tl c 5:v7^M5 tI^K)Clofc«lT\ v/y 1 (Z) ±ffl ^ b ^ * f 
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[0124] 

tt6MI SFETKtJ^ttt, Wi!S©nSSyplMI SFET^)i5l:, ^ - Hi 
6R(/ny^ h^gli i/y t^f K B # J* * ft * a^^yv^3>fl|*2itV=i>^^ h 
«8i:GeiW *yaASftt*at L, »^y-^I«©tt*t«K fctSM I sfe 
T *5 i> T f4 s ua©^*yt;HS{fflMl SFETQsOJ:5K, y-H865tf3 

^^KGejiWsfrr'&ASftT^ftv^iSi-t-So r ft let 9. {£ ffi » V :*> V ^ % it 10 

[0125] 

( HJ6 M m 4 ) 

* H Jfe ® IS -C tt . flU^^fCioTMI S F E TO K l^-Y I dsCDi|jJ0 5rfflofcff|{C 

[0126] 

i"«SCWWrffiia-Cte9, H 2 9 7iiH3 3 14, 4 (D#i^gi(DSi|Ig5r^ 

^«5tW»rffil2-eS>5o H2 8C«V^t, iRj^ottl^nlMI S F E T "C *> 0 . * ftij 

ASpSMISFET-CfcSo 20 
[0127] 

*HII14 WniStfplM I S F E T fi , S*^j^iu5gO^Jfeff^^li:l^«|co«^c 
[0128] 

BP , nSMI SFET^y-Hi6Wll(Cli, n S M I S F ETWf 
fg«U:§lo3Bf?j£;bt3£££*51>-'f K** — A'*-'* — *2 2 K £> ft * p^MI SF 
E T^y- Mi 6 (OlKcii, pMMl S F ETOf t^/H^t:?|o3i!)jJ*?rftft 
3g £ £ ft ^ If -f t^-^^^-t 2 3 j&* K tt b ft T 5 0 - ^ ^ K!?*-^^^- 
* 2 2 RX* 2 3 J4 , 13 — <D|6*lK^^J«£ftTV*5AS* * -f K** — A'*'< — *2 3 {C 

*Iftil4^*«»it^IS^oPt, i 2 9X^0 3 3 S:fflV^tiit5 0 
[0129] 

fftj&comifotefflt 1 k mm<o^ n ir * Srftffi L , nM&tfpMMISFETO^^^^h 
% (^^^^j^ 8 , 9) OJgfiJlS (B5»VB6#i) * H L & . HI 2 

^SS l ©iiiK(£*«:J84S*5lt5»IRi: LtWitftft^y 3 >12 lSr^^X-^C 
VDSfl^tSo roS[fti/y ay§2 114, * O J& f& 3k ¥r ( S JC ^ ^ . EE * , » * 

/^pTt£-efo<5o # H IS Jft "C 14 , ^JJSB#Oii5^&m^^3 5 0-4 0 0 Wtfit^ft Lt 

. i/y aySSl ©±lC3lo»0«*as?8tt5± 5C«ft^y 3 >'R2 l Sr**t5 40 

o 

[0130] 

tfc I- . Htv^y ^^gl2 l ICR I E«f<z>**-i4^y^^^*iSL"C. EI 3 oi:*ti 9 

Id % * ^ J« « « 1 nRffl p±^y- h«S60iil:t^ KC*— A'*'* — * (2 2 
. 2 3) H«t5c *-<K** — A**"* — If ( 2 2, 2 3) <D J& [C *5 V> T (4 % ^ — h 
S^lRllCjB 5 t>f K^t-^^^-ttOKf * s «»Jx.tf 5 0 - 7 0 [nm] SS t feii 5 

K * * — A* * ^ — * 2 2S(/2 3 (4, is I) =1 > S jR l o£BK5Io»»9JE:;ZjS:38££*5 

HLv/y ^yl2 1 Srxyf y^t5i t lciot»j**tt5fc6, * W K * * — A- * 

- if 2 2S(/2 3 (4 . * *r: y - htti6T^)f t^/H^i«^?I^S^A?rI4^ 50 
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[0131] 

a tR to S o tfc KB , a^Sfi l ©iBi^^^Sfff l nOrtSSC, Mfc 

<d & W X*ft o o 

[0132] 

^(u^F fti t U ~C #(J ;t B F 2 (Z7 yfk^o ^) 2r-r^->-aA-r^o :<7)B F 2 (D^ t 
v & A {c i 9 . i/UaylSl^Jl^Jg***!^ t^T K!>t-/^^-t2 3ld^L 

F 2 co > ft A . WiEcoHlfe^ffil tKio*frtff5o 
[0133] 

« 1 n «:v^^M4-ea*ftK:aofctt*T, * /* « « 1 p Jt O * >f K ? * ^ ^ 7 

— * 2 3 [C IV m S*HT«itfGeS:U>aALt, f ^ t-/^-t-t 2 3 t 

tlSfcft, >r K # a- — * ^ — f- 2 3(DlJS^iaot pfMI SFET©f 

j5£^t*£tcf§£i-5 s h ft * ft (Ki/^yi«*iRi) coiioao^^Sr^fq, 5g l < 

[0134] 

5 fc , r <D X S \z. is T , pSMI SFETO^y^ Mll:t)Ge^Wt>^AJ 
[01 35] 

6 K: % ^^^^v^aVlH^c ( ¥ *l # ffi « 8 , 9) <D J» fife X S . St/^^^^ h ffl <£> 
illg 2, 1 3) iCjo^X^ tyiSA^ ixfc^Mft (As, BF 2 ) £r 

[0136] 

^ CD X § K ^ T , p^MI SFET^^^*^ h ( # 31 # ® « 1 3) tC fit % ^ ^ 

* 7- > is a ( HI 4 #fig) (7) ) HU * ^ ft A JJlfcGe If >f K * * 

-;l^^^-t 2 30gftttS:«*t51S (B3 3#I) C*5 t t V ft A S ft fc G e 
^$iftt^5fc», pSMI SFETO^V^^ h *3 It 5 ^ ffi * <0 S tMb * s 55 

[r] Jb L * n > 9 $ FSSttO^!) ^ytlS^t^i/^gSO^ffiti^iS^tao 
[0137] 

#:ffi^i 2, i 3) <*> as a . ti/i:^- h mm 6 <d m m ^ ^ v ^ kii ssvi 

[0138] 

(/ y ^ yS« l (D^ioif ff^fi^ l P KJf£/££ftfcy — Hi65:l9 i 5 K L 

<d&. Hbv/^yf2 i y^?rlt"c, nitcfcMtsy 

- h m 6 <£> {DJ IS K * K * * — ;* — -^2 2. * ff2 SI ® 1 p ± 5 ^ — n 
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=f- ffi & m 1 nSr^^^Lfcttflfi-C. ^ -f Kl? t^^^^-t 2 3CGe?:^tyaAl 

-fr 2 3<DttJ£rta*ttft£;h/5fc«>. * W K**— A'*'*— *2 3 (^flS A o T p IM 
I SFETWf + */V»Sa«C»tt5, y-hfi^f^] (KU>f^*«E*|p|) <£> 51 o 31 

ISAl:iotnlMI SFETOKl/^>lSOi|jlDSr05r<!:^t*t5i:*^, p M 
MI SFETO Kl-f ylifiOg^^JHatSIt^t^o 
[0139] 

£ fc, i^-T K^t-^^^-t 2 3tf)*giSH43:flfc»-r5Xg (03 3 # fig ) ^c*3V^T. 
pMMI SFET<£>=*>^^ hflttctt) G e tVttAJix5r t^t), ^ #J £ S ft 10 

*s JE K ft Jb L , =l is $ ? ^®^4 , ^^^y^^t!^^L^V^*SJC^^^^^^^i-5fc 
ft , y U- ^ KftSJcSI-fcit 5 C o S i co ^ ( ?S Bfc JR 6 ^ ) * K lc Si ftll i" 5 r. & 

[0140] 

^tyftAh U- >T K**— — *2 3^IS 0 B B tt^i8t5Ig (03 3 # fig ) l£ *3 
S:*liDi-5r.i:<C<. * -< K9*-^^^-f 2 2 ©*i£*K J: ot n 1M I S F E T <£> 

Fu^^mtfL^mtiu&mz^kfrX'Zzk&ic^ p smi sfetoku^ >t«©«/> 20 

[0141] 

£ % *nMJ&1& 4 <D £ 0 \Z ^ Ge^)>ftyaAi:i5MI S F E T i?)x ^ ^ 7 ^ a 

¥pSrffi^^^*5rirtcJ:9, nSSIf P SMI S FET^)S*(^) K i/^ v iiS^iiD^ 

m 5 r t & x # 5 o 

[0142] 

ft *5 , 14 ffi, * >f K * * — /^^-^ — *2 3 CG e S:^ tyftAttt>f K 

[>^-yi-^^-^2 3^co^0 B H ttSrfi6^-r^XS(lll3 3#fia) % P ^MISFET<D 
= V 9 2 H«or^lS (03 2 # fig ) LfcffilCov^KW Lfci^ * >< K 30 

V * - & *s< — V 2 3 t©lB*ttS:«»t5l8li, * -f K** — /U*"*— * (2 2, 2 
3) ^Igott'fcot, v^f^ KJiSr»*R-r5yt«>^i>SiB^^JRfflt ( * X IK & M 

■eit3/<^m 4) tomtit urn. ( b 1 2 # hr ) <om \cmto it t> & 0 

[0143] 

* . *Itff^l4 TMi, Ge^-f^-^aAMiSMI S F E T ^ f > '> a ^® 

fet ft i: , G e £0-Y tyftAtiSt^ Kl>t-/^^-t2 3 OlJ5 A ^ift * 

a^^btfcWCov^tRfl L is , G e (D^f tyaAi:i5t-f K £ a- — * — U- 2 

[0144] 

( % M ffi 5 ) 40 

hu it <£> H£ ^ 4 "C fi , RJ6*l:io"CnlMl S FET© Ki^>f ^t«(oaio$:i5 

wtov^tawLti^ * mm i& m 5 -e » , ijjj^iaotpSMi sfetoki— r>- 

[0145] 

0 3 4 7550 3 81^:, 5 0*^#gt^KiSlS^*tI^ftBrIHlT'fo5 

o 

[0146] 

® ( # ^ # 8 , 9) <£> U I S (05Rt/lll6#BB) S H fiS L £: & , 113 4 [C ^ 

ti?i:, * ^F- « « 1 nSi/i p±^-&tf->y 3 yjts i ois±ro^ffiic, -> y = 50 
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vDSfiSts. r. <o ~> V 3 >12 4 tt , ( E # * . ffi A . ffl * » 

tj* «T tig T- $> -5 „ * H * » « -Cf tt , *Bt*©J5i«t*S:6 O 0~7 0 OWiJ5t*ftLt 

. > y 3 >ss i ro^jBtcffiffi^^^as^-rsj: stately ^ §£ 2 4 £ j& -r s » 

[0147] 

(C x ift-> !) ^ yf 2 4 CR I E ^«S*tt x ^ ? ^ ^ ^ L t , H13 5tC7r:-r<t5 

K , i nS^i P±ro^* - H®6©«Si:t^ K^^-^^^-t (2 5 

, 26) H^t5. K^-^^^-t (25, 26) © » * IC * V* T tt , y - h 

ft*(6]t-f&9-y--1*K^* — /U — f©If !)Sgi|x.li 5 0~ 7 O [nm] SStftS ± 9 10 

ic, mit's v ^^m2 4 (Dmm-Rx*^ -y ■y&fmzwt'g.-r rroncfcv^t, -y--r 

I > . l?;j ._ jl ^x;-t2 5X^2 6 {4, ->y ^^g^l <£>£®l£/ISiJS;7}£r3£££i£5ii{fc 

•>!)=yl2 Uxyf y^tS^iCiotSiftiSfcft, 1f W K •> * — ;u ;* ^ — -y- 

2 55.1*2 6 »4 . — hfl;^6Tro^^^/W^^ffi^{CJE^J&^Sr^^^-yr5MJ^^J 

[0148] 

fa^ny— ^m^6^^^;$tvTv^^^pM , >^•>'^ffi^4(^^FP^f-, ^®t%o t Lt^ixtf 

n(C, -y- -C K^f/I'^^-t 2 2l;fi^Lt-MOnI*i*ft|E ( = V 9 9 V « « ) 
1 2^®^Jtl5. # H J£ ff2 IS K *s ^ T , A s t>ftAli> |tlS6(75^JSJF0lili:|l]« 

CD 3: # t? tT 0 o 
[0149] 

2fc m » T^^M35rffiffiL, 0 3 7 (c*t i 9 l-> 5^5 a y|g 1 oiB»JI?||Jtl 
1 p$r-7X^M3T'IK«)lcSofc*i-C, i^I^fil n ± © U" -f K * * — A' * "5 
- -y- 2 5CIVljcSi Ltflx.tfGeSr'f t^aAfC, * W K^-A^-i-U^ 5 * 
<0iftiH4£flfe*-r5. :©ISI:J3V^, -y- -f K^*-^^^— -9-2 5 oRJE^^ttlB* 
ft -5 «> , -y- K**— A'*'* — ^2 5©IfS*iaotnSMI SFETCf 

(Kl'-i'vlSJf?) tojE^i^^J^r^fP, 5g L < f4 $i < 30 

[0150] 

ft -5 fc #> , GeWgSJSplMI SFET©3X^ hffiigc<fc>3 , bn§JMI SFETOn 
[0151] 

/&n^i n sr-^^^M4-ca«Wfc«ofc*tt8-^» ->y =^vs«i (D^mfrh^nm^m- 

J* « « 1 p 0> rt SB » *fr«jfCI4y-h««6*$^ia*^TV^J5CV^nSi'?3.A'«J«3©SR 

yftAia !)> ->y=i^£«[lcO*^-^^^^(-. t-f K?*-^^' 4 -* 2 3CS^L 
X— MeOpM^igftSI^ ( =z >• ^ ^ h&W.) 1 3;^^E££ft-5. ^^Sfe^ffitCtiV^-C, B 
F 2 03 >f * V & A fi , SfF^tOHlfe^ffil tlsl#»^fr-etf5o 
[01 52] 

& td , ai^^^^v^H^®^ ( ^ a§t # $t ® 8 , 9) wi*is> Rvt^^fy- vmm<n 

(^agft^^l 2, 1 3) Kio^T-l'^V&A^ftfcL^fcfc^ (As, BF 2 ) 5: 

i»aiaoxgttft^t5„ *& *& a « , HuxBcoms^flsiii^ww^^T-tTpo 

[0153] 

rOlSlCfc^t, p^MI SFETOay^ h SI ( ¥ i» f* « *6 1 2) iZ it , 

^ry>3 yfttrolfiKiS ( H 4 # IS ) <£> ) ilU tvftA^n/cG e t> -y- -f K # a- 50 
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-/M^-t 2 5O^f 0 tti«»t5l6 ( m 3 7 # m ) C*5V^t>f t^ftASJlfcG e 
^^*tt"CV^5fc*, n M I SFET(0=i^^^ h 41 (C jo 5 ^ fcfi m <T> m ft ft; j&S 3E K 

[0154] 

^^^12, i3) ©*ffl, Sfct/ty- Hie ©aits/y t^f Ki 1 satn 6 «r» 

[0155] 

r <£> <fc 5 (c . 3ygSioiB(D|ff^S«l ntr^Jixfcy- HS6, 4fc 

t@.6 OfflllUt^ K C * — /i"*** — i^2 5, iff ^Stt! 1 p _b t£ *5 5 ^ — h « *S 6 

^R««lpSr^^^Ufc:ttt8"e. t^f K^-/^^-t 2 5 CG e 5:^ tyaAlt, 

5tf>RjS^a*S?d£*L5*:*. * -< K * * — /V * ^< — f-2 5^lJf^l:±otnlMI S 
F ETWf t^^B^I^C^4t5, Fft*l^ (Kt"f>'«8(E#G]) <£> K ftg j£ 2: 

iotpSMI SFET(^)K^Oa*Oi|l)D^15:H 5 -et5i*l:, n^MISF 20 

e t k >r y t«^S / >^»S | Jt 5 r t # -c # 5 0 

[0156] 

* 1t . f~ -Y K**— A'*'* — * 2 5^^ 0 0 B tt5rtit^Ig (13 7 # fl8 ) *5 I* 
nMMI SFETO^^^^ |C G e ^ Y t V ft A ^ 5 - i: ^ ?) > T £6 423 £ S ft 

^ s IE [p] Ji L > nv^^ FSSEtt'^v'!) ^>'<t^^b^V^*S/^co^FM^^® / >-r^fc 
» , t-f KftR«K*5lt5C o ©«I (iUi»,k&JB<£>^3fc) Sr 3E » »J 5 r. d« # 

[0157] 

4 fc. . nfMI SFETO^H FS«Ol*lS ( H 3 6 # RS ) t- fc ft 5 %0 <D 30 

^tySAt, * >f K — /U * — -9-2 5^i| B tt^S8t5lS (1113 7 # J£ ) io 
It^Ge^^tyaAt^^-^^^^MS^ffl^TffKil-J:^ -r^^^f^Ii 
^HJDt5 I t ^ < , * >T K^t^^^^-t 2 6 OKJEACiot plM I SFETCD 
K^^>fS^^iJDS:i5ri:^t#^^*l^ n S M I S F E T O K l^^f V IjSoS'> 

[0158] 

£ % *ilil5^)i5l:, GeO-f^V&At-iSMI S F E T<Ox^f a 
^S*fK<D(B:J£Sttefc. G e©Y t>aACJ:5t>f K - - t 2 3 OiiS^^tt 

l5:HK*n o 40 
[0159] 

$ * — /U * ^ — V 2 5 * <D& Z 3 7 S: , nSMISFETO 

= > * * ( B 3 6 # AS ) o«l:H16Lfc«lto^tRWLfctf, * f K 

^7t-^xx:-t2 54 I ^ISB B B tt4:tlt5lSfi, tYK^^-^^^-t (2 5, 2 
6) <o»dllI(D8-e*)ot, ->y-y->fK«S:Je*-r5fe*^i«»jfe^JRIK ( * * ife » «8 
T' li ^ /i, h i l 4 ) O J* X S ( B 1 2 # ffi ) Oi^HfiLT tft^o 
[0160] 

* * l5T*fi, GeW^tyftAi:i5MI SFETOxMr>->3yS 

« co {£ ffi IK ft £ % GeOYtyftACtatY K * a- — a- * — 1^2 5<Dfiii/£;>j<7)|g:fn£r 50 
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m 7+ t> -a- It M it o V> X lfc W L fc & . Gero^ftyttAl:J;5t^ 1'*'< — -0-2 

10 16 1] 

4 fc , H«i4RO?5 fli, ^B«B#(DiSJliS«^lSr^X."C, ^ -> y = > I8£ (2 1, 
2 4) cd Bil j£ ^ £ ^ ;t 5 o ^ T t& 0J! L # , If ^ i 5 t 

[1] Kl«-^^*aEx.5*fetU"C, «fc^!)a^l2 10»l*i:iiS iH 4 tNHji 
N 2 £ <£ ffl L , aftV!) = yK240»)«|:flNH, £ l& V> T S iH 4 i: N 2 £ ffi i" 5 , 

[2] i^iad^^is^st lt, tft-yy a vi2 4 wf^Nfj; m. it */ y = ^ 

if t? fo 5 o 
[0162] 

( mm & m 6 ) 

h^£lfc£3$3i'J-r5ri:tW3b-C-£>5 <) ^ 5fe co & flf T- li . ^ y ■> y ^ yfiSlrTIf 

, As ( fit 3K ) . P ( » ) v B ( a > ) % B F 2 ( - 7 y fl2 # b ^ ) ^GD^*6#l£:** 

T t> * tf* » < . y — h QZ.it <D&iStf&< & bfrfr. 4 fc. , i« » ft <t O * , 7 9 Ff 20 

- \> mmmm<D&frfc . ?- h nm<DM&tfnt\t&m l -c y - n6»«i©Biffasj!.a»tt.h 

#S:Ji5jgftK:-rSi&M/& s #>5. 
[0163] 

r X , *H*J^«6-Ctt» y-h^5.^b%W«IJb, MI SPETCKl/'f Vtitlds 
CO if *D £ m o fc #J o V T tft "f 5 o 
[0164] 

30 

o 

[0165] 

iitjyiWSlJfe^ffii irP^oo^cHrx^^fflb, y 3>-S«lco^®(cm^-^glffi^2 
, y — F»t!l5^?rf ^Lfcf > 123 9lc^-rJ:pt-, if ff^f «i nSWi p©^ 

- h*feiillfl5_h£-£ir->y =« > S « l co±S±co^:SI-> ¥ & # El t lt«x.tfl«l:« 
^ 1" 5 ^ M ^ ^ A £ *v T & V^> y = ( y — h *t ) 6 a 5rC VDSf f ^t5„ v" 
!) ay|g6 ali, «ttf 1 0 0- 2 5 0 [nm] gS J tff^ t 5 0 r (OlSlCt5^ 
-C, ->!) 3yi6 a 11, #^ B ^->y=>>- (/K y U n y) Ottll:/ioT^5, 

[0166] 

£ o it ^ ~>y=i^li6aco±*-^P ) ^:cortlfP^, 3^16 a il^ioivSjE^i 40 

LtiitfGe ( y A- - * A) tyftAtSo rrT*, fltf *fc b fc ^ - h ^ <b <0 fSi 

i*#tt5i, ->y ayj|6 a^^lCS i - G e - Xg^®«5rff^t5 0^a$ 

o » »C , ->y 3>I6 a ty - hilllgSiO^iftifitS i - G e - Xfe^S«5r^^t 

3 # 5 # *> 5 . LAa^C^f). G eSS©f-^?:->y = > 81 6 a CD * <L> J: t> « ^ ffi « 

is £ -r 5 fc *t> , mn<D & <tzm < © n a* *> 5 . r <z> «> » Geo^^>aAi±, -> y = > 

it ft 0 o 

[0167] 50 
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i6(It5^t, GeO^ftyjiAtt, JjDi|x^yV^-^4 OKe VIS, K — 
XS^l-2X10 l 5 [atoms/ cm 2 ] t> L < ^ tl W ± ^ Tff 5 o ^^XS(C 

fc^t, 3Vi6 a Oti>»#iS ( SE A/ * ) t b < tt * ± ■ SB »± * © K ft 5 .. 

[0168] 

® i$ 8 , 9) — i^)G e>f tyjtASFO^ttittRLt, JDii^^/^^— Sr**<KS 
UTV^So wtbtt. v^y =iyi6 a ttRf i,n(OT\ VffiSc ( ^ ?g ft: SB 

8 , 9) «t 9 t^^fitCG e >f ty«:ftAt5^I^fe5^5)t*fe5e (EC ^ go 
IK 1 * (04) V a (^^ft:ffl^8, 9) G e ^ t> 5:aAt 

5 BB C l^^tcy — h S 1S ('>y ^ a ) ^Ge^tyJ:iiAli5HTt, *D JS 
3L * 3? — » , v- y n >- B£ 6 a t ffi C t ^ S i - G e - X ^^g* l^f ^ J llf , 

3Vg6 a^ftlCS i - G e-Xg^S«^i*t5:ittm*4V\ to . is 

y 3^16 a^(OGe>f tyaAOlDlx^^^-J:, x^^rVv'a >Si ( ^ ft: £i 
tgc 8 , 9) ^(^)G e^tyiiA^jDiix^/^ - ± 9 t < t 5 : i t\ v' V =* is 

l£ 8 , 9) iB^bi^fi(OGei^lSt 0 -^IJ:ni^lili:l{t^: HK* 

£> 9 , ? — h m,ffi I* & & ik is V = > b ft Z <D T*^ ^ tySA^l:*5lt5G eSS 

[0169] 

* > K-Xil:o^tt, y - Ftffi ( is V =» > m 6 a ) W^liG e i^*t 5gf 

8 , 9) Co^ttt, :(0||l£At5As, B $ fc li B F 2 i D 8 < Ail 5 ^ 
Si5fe5<D-e % Ge^ty^K-XiS:#<t5L As, B £ ft B F 2 i D ti^fi: 
ICS i-Ge*»**il, ISi^^lSt^i^o -Tftfc^. ^JaylBaKGe 
^ ty^ftAtSS^^ K-Xill, x^^fy^a y«« ( ¥ >S t£ ffi :® 8 , 9) (CGe 
^-y 5rSAt 6S^^> K-Xli 9 t>#< 4 5 i 5 C^^tSo 
[0170] 

Kl^ipc^-FSi (y u nyg6 a) ^^Ge^fty^aA*tt?:^St5:t 

[0171] 

2k C i4 1 C*ti pJh0^y3yl6a«:^^?M6t?l« 
6<jCSo tftlT*. ^T-ff^/S^l^ 1 n±Oi/y ^ y M 6 a 1:^^)1*^^ }£ #l fit £r 4£ ® 
i-£^^^<hLT#J;tff$l (P) ?:><^yftAt5o ^UlS^ffi 6 lc joV^t , P(D-r^-> 

6 A , m * & * — * s l 0 — 2 OKeVS^, K-Xii52-8X I 0 1 5 [atoms 

/cm 2 ] g£(D*#-CfT5o "7^^M6 i LTfj:, fly^tf^^hyy^^^-fftflffci-fco 

h l" is * F-7^^5:ffifflt5o 

[01 72] 

tf> _h * a> ib , SjK«t(S*t5^«»i ttWiff#oy (B) Sr-f^-y&At-So #31 
Jfef «6CfcV^t, BW^tyftAli, JDlx^/^-^5-1 OKe Vgg, K — X fi 
# 1 - 2 X 1 0 1 5 [atoms/ cm 2 ] S^C0^#Ttf5o ^^^M7Httt, #J X. Hf 7 * 
y^7 7-fSflflC±o-CJ»fiSS*l57* h U is X F-7^^g«t6 0 
[01 73] 

ftC 7^^M7i»tLfc8, yy^yl6a^/^-yxy^it, 84 3i:*t 

[0174] 
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P, B) SrIKlteSfcl.fco-cattfl:***. iitf- 9 0 0 t , 308>O*#t 

[0175] 

£ , y-M|6 ( -> y =. >• 8H 6 a ) y- HS6 t[^i©IVl7niffe5G 

eiWtyttA^ntV^fcft, S i - Ge-X (X : P, B) S i 

„ ^mtc^-^-r5 ;; F*E^iW2i^/iS^<^-5 (S i i:ig-&U/£V , >*SJCS«>'F»fi!tftl*^it>3fe< 10 

# 5 fc £> , nSjypSMI S F E TO Kl"f >18t I dsrotJP ( W, ffimWl M t) ?> fa ±.) 

[H % -f 5 . 
10 17 6] 

o 

[0177] 

(8, 9, 1 2, 1 3) roi^lgi:i3V^TlA$tifc^*{i*ifeli:J:otg 

[0178] 

* fc, v-y 3^JI6 a ^ CO G e <75 ^ V & A li > > y = ^^6 a Off^^XSW^T'fc 

% i/!)ayK6 aCSRISrft«t5T«*S;'f*^aAt5ia^at?U<. £ fc 

„ v- y >- JS£ 6 a £r * — ^ — y^Lty- KiI5:»^t5IgOit<)|l\ 
[0179] 

( n m m 7 ) 30 

#*!(6fl2<£7-Cli, Gel'^V&Al-iSMI S F E T © K >i;^itJl0 5:t^l;tT 

[0180] 

12 4 4 75 !g El 4 9li« *^JS^^7<0^^^^ficr)MitXS5r^-r^^;6<3»rt5lgl-C'fc5 

o 

[0181] 

. 7 - h 5 , y-FtH6f ?ri^lf:i, nISlfpSMI SFETWx^r 

03R^-JKfiK««i n R If 1 p o » K: . A ft: ft lc fi y — MS 6 ^j^j titi^^^ p I 40 

^^/Wffl^4at^nM^^/^ffi^3^§|5^JC x IV^Tcit ITWitfG e ( y ^ £ A 

) tyaAt5 0 KDGe^^tyftACJ:^ ^ ySg 1 oii^if )f^g 

tt , n mRXf p MM I SFETOx^Ty>'3 Vftft^iSlSCtJin^i*^^* 

>^AS^ i 5 ti*<ffp 0 *mfi?^ffi6tcfcv>T. G e (O^ tySAIi, hu i& <z> H «£ 

[0182] 
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As (St*) 5:^tyaAt5. :©As©^t>'ftAi;J:ti, •>!) = vi« 1 Oil© 
i^ffijtfil n|C, y — HilCl^Lt- ^©nl^i^Il (^^*^Vv- 3 >"SI 

J£ ) 8 # i* £ at 5 . * li 6 k *s v> t , Asro^tyttAii, fitrJ£©**»l»ii 

P & <n 3k W X 5 o 

[0183] 

& , -^X^MlSrl&iL, Z <D'& . i4 6 left J; ? ~> V ^ l <D 3=m <V m 

^ ^ /& m *$. 1 nSr-v^^M2T*51^6tl(-Sofc^te-r-, i' U => ygft i © ± f, t © SI 

'f-Ml&m® 1 p 0 g&le , ft ft tt — hHffi6#J£/££;ixTV'>&^n§J!>3wi«'Si*£3 
<£> gfl # Id N 3p#fi4fctL-C0tJ*.tfB (#n>) t L < [ i B F 2 ( ~ 7 # n >- ) -4 * > 
SAt5. w»B'bb<«BF 2 co-T^>-aA^J:0, V =• > 1 (D m * J& i$.mt& 1 10 

ZtiZo *MMl&Wllzt~>\,^X „ B(75-r^->?iAI4, #J ;t f4\ *D i£ ^tw^ — as 0 . 2 ~ 1 

KeVS^, F-Xliil x 1 0 M ~2X l 0 1 5 [ atoms/" cm 2 ] B F 2 -i 

ySAtt, #J ;L (4 , JB m J- * — 3S 1 ~ 1 0 K e V US. > K-Xii? 1 X l 0 1 4 ~ 2 
X 1 0 1 5 [atoms/cm 2 ] U S. 3k # T? 5 » 
[0184] 

A £ ft B (#D^) t L < li B F j ( ~ 7 y ft * n ^ ) feffittft B ~> y = 

( T = — /u ) #fc & 3 f4 . «x.tf« iaSii 7 O 0 [ *C ] S 

*P»^IB*«6 0[S»]S««Z>*#T?tT9. 20 
[0185] 

r<75Xm»Cl*JV^T, G e ro^^-yftAICiot)g^^^fci/!J 3^11 1 'P <D # H Jf « 
7 14. 14 7|;,Tti9l>:, SW*iit[HlIt5„ * fc , ?F 3£sfi #3 (As, B, B F 2 ) 

tyftACiotf fi£$^t->!; = ^ s « 1 * © # B i, g ^ # t ^ £ t- 14 & ^ a* t£ w * 

[0186] 

IVi%Sffc5G e ^ ft: 11 i$ (8, 9) ©JBjSlSKSmS'FlWtt (As, B) © 

^t>itAi^inS<'f tyaA$tlt^5fc*, Si-Ge-X (X:As, B) 

tDi^-a-as0^$tb % s i -xmafiroa-g-j: •? t> , f y = ^ s « 1 * -t- o ^ &e ^ <z> s ft: a* 30 

|6]-kL, ^atc*-^-t5?Fi^#)0®Sas«</jrS (S i Lft^*KKo^lfi*iis 
:©ei> nSSt/pSMI SFET©i^Ty>3y|«.(*|*Mi8, 9) CD 

JSt , <R * B I- *3 »t 5 s fit as t a 5 5 „ 

[0187] 

B ( d v ) t L < ft B F 2 ( - 7 s> -it # n > ) 14 . (S O. X h S tt ffc a* it tf as . t£ ft 14 
if it £ v „ |ia7 = -/i'i:rco^coiSflS^ra7 = -/i'«:llDx.5|Pt', BH(liB 
F 2 (DS-ttfkSriaaS^FPflT — — yv-ro^tJt^-C^i^-BrSrtas-CtSo i IS 7 = - /u 
B# Id *5 1^ T 14 , *^Jgj£fiB«ln0>AsW:JSttfl:asit*ft^&, {£ 2B T =■ — /V- it *0 \Z X 5 

[0188] 

&&m-fo rcDiSE#ISi:t5^t, * g| S§ H # »4 & tf> J; o ft m M & 5 r. Sr. a tti U „ 

% > y 3 > S 1 ± O ^ & « ^ « «j Sr B§8 * f 5 i: *l- « ^^^^^i^a^ffl* (#STffc 
ffi^8, 9) co^SlC^^^tvfcSi-Ge-X^-a-ffi^^liJ^irSSttasfoS, 

m&m* <ot >- * — 7 <Dm&i>sm\,^m&izmm\c$tti z> t & istco ifc^ot, r 

roiicte^t, s i - g e - xe^««*:ffi*ffl?)f t, r^&'&ff^m^^l&^-T-sfc 

)5E#K4 I c07y^ = 7!gS5:»<LfcRCAffii*!gS:fflP5£.S«5fc5 o «t "9 » * 
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[01891 

*m&W% rotWC ± 5 t , 7>'^-T£^ifRCA&#iTi<'^ = T£^£/ t £^S P 
Mffi#C± 5 S i - GeCMtSiyf y^W-Hi, S itC^i-S^y^:/;/!^ — Md 
tfc^T, ft+nn/iiing«WSi:45i t«£*JB Lfc. 1" 4 to *> . RCAft^liSPM^# 
<t 9 iS i - G e -Xte£-«l*fi&ll'J V>. 
[0190] 

Z. r t? . ^ ^ ^ ^ & ^ K * £ p £ T' . ±IStORCAi5fe#-CDt5p^ssPMj5fe^J;<9 
t> 36 * A* V . « o T , S i - Ge-Xg^iiSI^^?>iOti> ^Jxifi, H ifc <£> ff2 
1 ©HI 3 l:*t i p /£CMPIg©f RCAit^Srl v^fc^r^, 

coy - hit!5 ^i^tSBC, Kf H6»*«r**t?#5©T, * ift 

T* 5 „ : tl IC M L t > G e^tySAi©, S i - G e - Xg^iMLfci^^fy 
-> a v ElSg ( ¥ 31 & II 8 , 9) &*mvitfttoi*9cifrt:f?oV$lz.tti s -kiS<DJ:3fc:J5Jfe 
fel^^fe^feit^ Si-Ge-X^^ffi^^giJSirSSH/JSifcSfciO, j-sg 

[ 0 1 9 1 J 

1 1, = >• y" ^ hffii^-C-ifcS — *t©nS^#«:®«l 2SO ! pIf 3 * JSK 

[0192] 

As, B, B F 2 ) ^SftMSfcio-CfSte-ft^-tt-So f&teMte. wi 3z£ CO ^ y ^ r- V -> 3 V 

^ ( ^ 31 # 8 , 9) Jgj«B#(Dffii&Jlfcft!.3<fc»>t>, gfifiS#ra ro^frT'fT 9 „ ft # itt 

k a . mmiDmMT&m i t m&ngii* o o o [ <c ] , *d us b# m # 1 [ ©> ] ) r 

5, c co <t o \z u t mr co tg a lift to a hmd £ffi&4SH$mro«t*Q!& 2i& 

gt ) £ *D £ £ * T* , B t L < ttB F j co©tt^Srit5SM^raT= — /V W * i: Jt ^ t |4] ± $ 
[0193] 

-O^, iil^O^IIi 1 il^iOIIIrt LtnlSVpSM I SFET^^^-f5 
[0194] 

: © i 9 C , Ji^^^V'v-aV^^ (^^#^tg8, 9) ^iSlrfc^TW tVft 

*tetllic*jv^ > 7y ; e = 7©igg^»< LfcSfc 4#K:, 66®? An*. * 7 y ife ( 

i-Ge-X^-&-fM^COgiJix?:W)$ljT'#-5 7ti6, G e ^ t y^AC i 5M I SFETCOK 
[0195] 

r. r T , Sfc & X g tt » #!SftJBtB7T?RWLfcIg|H]*;tt-efc<, * * 4 X S IHJfc *3 (,> 

tiitsi^^, s i - g - xf£&m&±v> & f£mtemm&m4=-f zm&nfcfrizisb^T & 

» T>--e = 7-COS«^^< L Sfc # . Bit & }JQ zk . # 7 y K (HF) . £. U< & l£ JO 

*SrfflV»Tff5 r i jsa*L^. #J;ttf, b5I©III11 fli, (8, 9, 

1 2, 1 3) 0»j*xe^i3V^TW'^vaA**tfc^««»*:f(ft*af3ajc:J;oTettfb$-&5 
X@ ((211 1 # BB. ) CO^T'fooT, Mll6»U!^tfrf « (1 2, 1 3) <£> ® X 

•> V ■? J K ^ co ft co ffi M jfe & A SH ( #J x. C o JB£ ) Sr»jJt5Il (B 1 2#M) co 
Hu»ciJ5fci^XS*sjlifi$n5. r <d «fc o * iem ©ifciSMcfc v^t t „ 7>^e=-7<£>g&£jS 

< L Sfc # j£ , 4# (d , fig^AD*, f 7 7«f (HF) % RXfim8t1Xl7k& mi<^T n i ^ t £ 
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Q » => v * 
j£ <7) ^ fcti ^ 

& x # -5 „ 

[0196 

5IS (ES 
t? fc o X , 



Id & H 1" 5 & JS • ¥ # # S ^ ( #J x C o S i ) ©«*«r^T3blc:«i«i-5r i 
] 

1 T'fi, ^ ^ ^^^^ 3 ^ £1 i£ T- -5 nS¥##SS*$8 Sr fi£ i" 
5 # AS) <7> & T* fc o T , x^^fy->3 y«ltX'fe§ pS^^ftf «9 ^ff^ 

1J- -f K ? * — A- * — 1 1 Slt5Ig (EI7S.t>*lll8#fiS) <7) M Id N Sfe 

Id. ffimtofc, ^-7 y&L (HF) » R.Xfii&M1)U7k$: m V^Tf? 9 r. £ tf* S £ L V* 



10 



gfefr® ( fig ®? *D * , #r 7 ?/ ®? (HF) , SU'iKJD*) Sr , HUa$<7>3il6<7>7£ffil~6|dO 
[0197] 

•>3 yf^cf^ilt'B (**n» «: ffl <^ # # » bf 2 J;0fc»ttYb**si«<«:«. 

[0198] 

S . d. (75 U — if — 7" — — £ wi v& (O M Ifei <0 M 1 ~ 6 Co^t & SI ffi ~C # v |5] 8* <D $j 
* Sr # 5 r. t i$ T- # 6 o 
[0199] 

W _h . *»W#^,toT**ixyt»WSr. tu IE ll ffi <73 ff2 fi Id S ^ # A # ift Id 1& Bjl L fc # 
^ttt*f I d. t 13 §1 T' 5 „ 

[ in s (7) in * K m m ] 

[ 0 2 0 0 ] 

[mi] *&w<DmmMm i x & z ¥m>itmm^i&iiiSLt5 tttctewmM i sfeto 
&.&7F-tm&.#}mmmx &> z „ 



[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
i 
I 
[ 
[ 
[ 



2 
3 
4 
5 
6 
7 
8 
9 

1 0 ] 
1 1 1 
1 2 ] 
1 3 ] 
1 4 ] 



2 Id gE < ^^#KB<7>MiglS2r^-rm:£ittl^®0T-fo5„ 

3 id ^ < ¥mitmm<ommiLm&ni-rm#.tbmmmx & a . 
5id^< ¥^fcmw(o$imi:&&7jki-m*.&>wimmx & z> . 

8 id ^ < ^«^se<75®}itx@^^-rm^;^»TSiiiT'fc5o 



9 izm< ¥t&&mmco 

l 0ldi^<^#^ilM<7)M^XSSr^-rm^:^»T®El-C-fo?> 
1 1 Id < ^W*gt©»itIiSr*tIS;^»fffiSX-fo5 
1 2ld^<^^[ft:Sltt(7)MitX@Sr^-riI^;«JS'fBm-C*fo-5 

i 3\zm<¥m&mm<ommj:m&7Fi-m#.&}mmmx3b2> 



X fo 5 



15] Ge^litaALfcS^OA s^D7 7^^iGe«:*S(ll:aALft^ofc 

[Hi 6] G e?:*i!ll:ilALfci^WBF 2 / p 7 7 >f /V i: G e S:#tSl:aA L^^o 

[Ull 7] GeS:*Wi:ftALt»^(OB^P7 7'f^i:GeS:*«fCttAL4i»otf 

^ CO B y n ^r^/^*r*^IH"rfo5)o 

[(Hi 8] #^PJ<7>^^^ffillO^^#JT*fc^ 
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2 
4 

2 



1 

2 
2 
2 
2 
2 
2 
S F 

<5 O 

El 2 

<5 o 
HI 2 
SI 2 

Jft £ 
2 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
3 4 
4 

0 2 

1 — 
A* 
- h 

... n 

0 ••• 
M 1 



9 
0 
1 
2 
3 
4 
5 
E 



1 8 IC ft < # 

1 9 M < # 

2 0 (C ft < ¥ 

* 16 m m 
2 2 ic m < * 
2 3 ic m < ¥ 
*mw <r>mmm 

T CD & 5fc #) w a E 



* mm 
&mw. 

2t-i> 

3 X fo 
( b ) 



©§43iIgfc*-*-*5tW»ri5E|-eife-5. 

(D^itxm^^-rmS:WSffffillT-fo5„ 

<DSSitXSSr^-r^^:6t)»fEET-*>5 0 
■5¥^^S««D«tBS«fiic^^-r@ ( (a) 14 li ft S M 
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